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1 Purpose and Scope

This evaluation report documents project foundation characteristics and geotechnical
strength parameters used for the stability reevaluation. It also describes the required
subsurface investigations, geotechnical testing, and methods used to establish bedrock and
soil strength parameters, drain efficiency, and preliminary seismic parameters. For general
information regarding the dam and when it was constructed see paragraph 1.3 (“Existing
Project Description”) of the main report.

1.1 References

ASTM D1586-99 Standard Test Method for Penetration Test and Split Barrel
Sampling of Soils, 10 January 1999

ASTM D 2488 Standard Practice for Description and Identification of
Soils (Visual-Manual Procedure), 10 February 2000

EM 1110-1-1804 Geotechnical Investigations, 1 January 2001
EM 1110-2-1902 Slope Stability, 31 October 2003

EM 1110-2-1906 Laboratory Soils Testing, 20 August 1986

EM 1110-2-2502 Retaining and Flood Walls, 29 September 1989
EM 1110-1-2908 Rock Foundations, 30 November 1994

EM 1110-2-6050 Response Spectra and Seismic Analysis for Concrete
Hydraulic Structures, 30 June 1999

ER 1110-2-1806 Earthquake Design and Evaluation for Civil Works
Projects, 31 July 1995

Addenda to the Analysis of Design, Dover Dam, 1939.

Dover Dam Periodic Inspection Report No. 1, U.S. Army Corps of Engineers,
Huntington District, March 1970

Bowles, J., 1968. Foundation Analysis and Design. McGraw-Hill, New York.
Clough, G.W. and Duncan, J.M., 1991. Earth pressures, chapter in Foundation

Engineering Handbook, 2nd edition, edited by Hsai-Yang Fang, van Nostrand
Reinhold, New York, NY.
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Das, B.M., 1998. Principles of Geotechnical Engineering, Fourth Edition. PWS
Publishing Company, Boston, MA.

Fuller, Mossbarger Scott & May, 1999. Seismic Analysis Report for the
Muskingum River Basin.

Goodman, Richard, E., 1980. Introduction to Rock Mechanics. John Wiley &
Sons.

McGregor, J.A. and Duncan, J.M., Performance and Use of the Standard
Penetration Test in Geotechnical Engineering Practice, Virginia
Polytechnic Institute Center for Geotechnical Practice and Research,
October 1998.

Post-Tensioning Institute, Recommendations for Prestressed Rock and Soil
Anchors, Fourth Edition, Post-Tensioning Institute Phoenix, AZ , 2004.

Terzaghi, K. and Peck, R.B., 1976. Soil Mechanics in Engineering Practice. John
Wiley, New York, NY.

2  Geology
2.1 Regional Geology

Dover Dam is located in the Fairfield Township of Tuscarawas County, which is part of
the Appalachian Basin.

About 2 miles upstream from the dam site, the Tuscarawas River leaves a broad, deeply
filled pre-glacial valley and flows for 6 miles through a narrow steep-walled gorge of
post-glacial origin. The river throughout most of the length of the gorge flows on bedrock
or on a very shallow cover of alluvial sand and gravel over bedrock. Bedrock consists of
nearly horizontal beds of shale, siltstone, sandstone, limestone and coal. These beds are
part of the Pottsville Group of the Lower Pennsylvanian System.

The Lower Mercer limestone forms most of the foundation of the dam, with shale,
sandstone, and coal over- and underlying the limestone. Below the limestone is shale
into which several of the monoliths are keyed. The crystalline basement in Tuscarawas
County is greater than 1,818 m (6,000”) below the top of ground.

2.2 Local Geology

At the dam site prior to construction, the river had a width of 350 feet and a low water
surface elevation of 865. The valley walls rise on steep slopes from the water’s edge to
an upland whose general elevation ranges from 1100 to 1200 feet. The valley consists of
approximately 7 feet of alluvial sand and gravel to top of bedrock. At the dam site, the
walls are of the Pennsylvanian age bedrock units of the Allegheny and Pottsville Series.
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The abutments are composed primarily of shales with one 35 foot thick sandstone unit
and 1 to 2 foot thick seam of coal. Bedrock is deeply weathered in the abutments but,
according to the foundation reports, weathered rock was removed to ensure that all
concrete monoliths were founded on sound bedrock. The groundwater surface was high
in the abutments prior to construction of the dam, see paragraph 6.3 “Groundwater
Conditions” for existing conditions.

The bedrock surface in the valley bottom is controlled by the upper surface of one of the
limestone units. This 4-foot thick, Lower Mercer Limestone became the primary
founding unit for the dam. The limestone is immediately underlain by a carbonaceous
shale, ranging from 3 to 7 feet thick. Beneath this shale is a 20 to 25-foot thick, sandy
siltstone which coarsens with depth into a thicker micaceous and silty sandstone unit.
Due to minor local flexures, the contacts between the various bedrock units appear to
form an irregular surface of an undulating nature.

Some stress-relief related fracturing and associated weathering in the dam abutments is
noted in the construction foundation reports. Fracturing (slickensided joints) and some
associated minor faulting is apparent in the limestone founding unit and continues thru
the underlying shales and siltstones. One thrust fault of major consequence was
encountered in the foundation although their were multiple minor faults too. The fault
strike varies from N80°W to N75°E, dipping from 45°SW to 45°SE.

2.3 Foundation Conditions

The abutment monoliths are founded on various bedrock units. Monoliths 4 and 20 are
founded on sandy shale. Monolith 3 is founded, partly on limestone and partly on
sandstone. Monoliths 1, 2, 21, 22, and 23 are founded on this massive sandstone.
Monolith 5 was founded on the Lower Mercer Limestone unit. All of the abutment
monoliths are embedded into bedrock excavations with confinements both upstream and
downstream by weathered rock which was deemed during design, suitable to provide the
necessary sliding stability.

All of the spillway monoliths (Monoliths 7 through 15) along with non-overflow
monoliths 16 through 19 are founded on top of the Lower Mercer Limestone, see Exhibit
II-8 “Rock Profiles and Sections.” This approximately four-foot thick limestone is
continuous across the valley bottom and is underlain by a less competent carbonaceous
shale of similar thickness. The logs from the 1982-83 exploration program describe
moderate to severely broken zones in the carbonaceous shale. The limestone serves as
the primary founding unit for the monoliths including the associated stilling basin
monoliths and retaining walls. Founding elevations vary from 847 to 855. At the
upstream heel of the dam a 20 foot deep rebar reinforced key was formed through the
carbonaceous shale and into an underlying sandy-siltstone. The reinforced key was
necessary to provide the required factor of safety against sliding failure.

After the limestone was exposed, the above mentioned fault was observed trending
approximately east to west across Monoliths 14, 14A and 15, see Exhibit II-8 “Mapping
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of Faults and Joints.” The fault extends through the limestone and into the underlying
shales. It is further described in the Addenda to the Analysis of Design, Dover Dam
(1939): "Two types of displacement have occurred. The limestone capping the north side
of the fault was pushed over that on the south side forming a "thrust" fault. On the other
hand, the shale on the north side moved downward in relation to the shale on the south
side, resulting in a typical "reverse" fault. Both movements are due to compression but a
thrust fault dips less than 45° and a reverse dips greater than 45°. This faulting resulted in
a 2 foot thick opening between the limestone and shale and severe broken conditions in
the shale along the fault." Because of this faulting the foundations for Monoliths 14, 14A
and 15 were lowered to the sandy-siltstone at the elevation of the originally planned key.
Extensive grouting was performed under the foundation along both sides of the fault and
in Monoliths 12 and 13 to fill the opening between the limestone and the siltstone.

A fault striking N-S and dipping about 70° E was seen in the limestone in monoliths 13B
and 13C. It was a normal fault with about 2 ' feet of displacement. It cut a second fault
that was striking E-W. It showed about 3 feet of offset on an overthrust.

Smaller faults, striking N-E to N25°E, all nearly vertical, with displacements of 1 to 2
feet were also reported to the north of the major fault. All cut the limestone and shale,
but were not readily traceable in the underlying sandstone except in a grout hole in
monolith 11. The sandstone from elevation 800’ MSL to 810> MSL was “shattered" and
severely broken. This may be a fault, but it was only intercepted by one boring and never
excavated, so no more is known about it.

A number of other minor faults were encountered in the foundation of the dam and
stilling basin monoliths. The faults and joints were mapped and reported in each
monolith foundation report, these were compiled and are shown in Exhibit No. II-8.
These faults and major joints and fractures in the foundation were treated with special
grout lines placed in the discontinuity.

At the upstream face of Spillway Monoliths 7 through 15 and Non-Overflow

Monoliths 16 through 19, a cutoff trench was excavated 20 feet deep and 10.5 feet wide
at the bottom with a downstream face sloped 2 vertical on 1 horizontal. The trench
extended to elevation 830 for Monoliths 7 through 12 and to elevation 835 for Monoliths
13 through 19. Grouting was performed on the upstream and downstream sides of the
cutoff trench prior to beginning rock excavation. Final grouting was performed through
3-1/2-inch diameter preformed vertical holes on 5-foot centers at the base of the cutoff
trench. Grouting was performed from the top of the first pour.

The grout holes were drilled 30 feet into rock and were grouted with 30 psi pressure in
the top 15 feet and 80 psi in the bottom 15 feet of grout hole.

The upper surface of the founding limestone member slopes more steeply at the
downstream limit of the stilling basin thus less erosion resistant shales form the bedrock
surface at that location. In order to prevent scouring of the channel bottom downstream
from the end of the apron, a 20-foot strip of derrick stone was placed against the apron
end sill over about one-half the width of the stilling basin. A 15-foot stepped slab of
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concrete was placed against the downstream face of the apron and doweled into the
limestone and the concrete over the remaining (north) one-half of the basin.

2.4  Seismicity

ER 1110-2-1806 Earthquake Design and Evaluation for Civil Works Projects (1995),
Appendix C, Uniform Building Code Zone Map shows Dover Dam in seismic zone 1.

In May of 1999 AE Contractors Fuller, Mossbarger Scott & May, (FMSM) submitted the
“Seismic Analysis Report for the Muskingum River Basin”. The objective of this study
was to evaluate and develop seismic ground motions for use as the basis for future studies
in the Muskingum River Basin. As the need for analyses, designs and/or remediation
projects arise at each of the 16 dams or their appurtenances, this study will serve as the
basis for the development of site specific ground motions. This report is intended to
partially satisfy requirements in ER 1110-2-1806 Earthquake Design and Evaluation for
Civil Works Projects (1995) and ER 1110-2-1155 Dam Safety Assurance (1997) for a
Phase 1 seismic study. Other references such as Engineering Circular 1110-2-6050 and
"Fundamentals of Earthquake Resistant Construction" by Krinitzsky, Gould and Edinger,
Published by Wiley, 1993 were utilized as guides in completion of the study.

The recommended Operation Basis Earthquake (OBE) consists of a magnitude 5.2 my,
event having an epicentral distance of 15 km and a focal depth of 5 km. The resulting
peak horizontal acceleration (PHA), peak horizontal velocity (PHV) and duration are 98
cm/sec’, 6.1 cm/sec and 3.9 seconds, respectively. The recommended Maximum Credible
Earthquake (MCE) consist of a magnitude 5.5 m;, event having an epicentral distance of
20 km and a focal depth of 5 to 10 km. The resulting PHA, PHV and duration are 147
cm/sec’, 11.2 cm/sec and 6.8 seconds, respectively. The recommended acceleration
values for the OBE and MCE are believed to roughly correspond to the mean plus one
standard deviation hazard for return periods of 144 and 500 years, respectively.
Alternatively, the OBE and MCE correspond to the 400 and 3000 year return interval
events respectively, when compared to the mean hazard. The equal hazard spectra
indicate the highest spectral acceleration is realized at frequencies ranging from 5 to 20
Hz which is expected for this region of the United States.

The FMSM 1999 report concludes that for most structures, the motions supplied with the
report could be used without alteration. However, other structures, such as Dover Dam,
may be sensitive to a narrow range of frequencies not investigated because of the general
nature of the study. Consequently, it is recommended that a future study be done that
reviews the motions supplied in the FMSM 1999 report and alters them, as necessary, for
Dover Dam’s site specific conditions.

3 Stability Re-analysis
Concerns over project stability have been documented in past periodic inspection reports.

These concerns, due primarily to changes in analysis methodology and foundation
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uncertainties, have resulted in recommendations for reanalysis, and programs of
subsurface investigation.

Typical non-overflow and spillway monoliths were reanalyzed for structural stability
after the second periodic inspection. The analyses are documented in Appendix V of that
inspection report, transmitted 17 June 1977. For the 1977 reanalysis, parameters such as
compressive strength, cohesion, and shear friction angle for certain foundation lithologies
were assumed, based on engineering judgment. Strengths for other members were
derived as weighted averages from the test data used for the original design. (See
Appendix III of Periodic Inspection Report No. 1, for the original test results).

For the 1977 reanalysis, the stability was evaluated using full uplift over 100% of the
base area. The rock properties used in the original design were adopted. These strengths
discounted cohesion on the bedding planes. Resistance to sliding was dependent upon
passive resistance due to embedment of the monoliths into rock. The stability was
analyzed using the "Sliding Resistance Method" which looks at the ratio of horizontal
forces to vertical forces. Results of the analyses indicated that all monoliths appeared to
be safe against overturning, sliding, and bearing failure except Monoliths 7 through 9.
The factor of safety against sliding for Monoliths 7 through 9 was found to be 0.75. The
report went on to recommend a program of foundation exploration and further analyses.

The Endorsements to the 2nd Periodic Inspection Report concurred with the above
recommendation (refer to 1st Endorsement, subject "Dover Dam, Ohio, Periodic
Inspection Report No. 2," dated 4 October 1977; and OCE letter, subject same, dated 2
November 1977). Ohio River Division directed the District to submit a completed plan,
schedule and cost estimate for the foundation exploration program. The drilling,
completed in 1983, is discussed in the next section.

4  Geological Investigations to Date

The site geology was investigated during the design and construction of the dam by
drilling forty-two core borings located along seven ranges across the valley bottom.
These ranges are located from 600 feet upstream of the dam axis to 600 feet downstream.
Four 6-inch diameter holes were drilled for test samples. In addition to the core borings,
four test pits were dug to depths ranging from 25 to 61 feet. Two investigative programs
have been carried out since the third periodic inspection.

4.1  1982-83 Investigations

The first program consisted of 15 NX borings, 3 vertical and 12 angled drilled from
inside the operations gallery. The borings were logged by a Huntington District
Geologist and the strike and dip of the prominent joints were calculated from the angled
borings (see Exhibit I1-10). Core loss was 5.6% or 17.7 feet for 316.5 feet of drilling. A
boring plan and logs are included in Exhibits II-1 and II-4 respectively.
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4.2 2004 Investigations

4.2.1 Rock Coring

The drilling program consisted of 14, 4-inch core borings located on each abutment. See
Exhibit I1-1 and I1-4 for the location and logs of these borings. The exploration
program’s main purpose was to characterize the foundation conditions in the abutments
which had not been considered in the earlier drilling program. Another facet of this
drilling program was to obtain and test materials lithologically similar to those in the
valley bottom, and attempt to interpolate rock strengths across the valley between the
abutments. Core recovery, was higher than the earlier exploration program with only
0.3% or 2.8 feet lost in 839.8 feet of drilling. The core barrel used was a 5ft Hoffman
double tube with a split inner barrel. The core was sealed in plastic to maintain moisture
content, and placed in core boxes padded with sawdust to keep the core in good condition
during shipping and handling and prior to test sample selection. The borings were re-
logged by Huntington District geologists.

4.2.2  Overburden Drilling, Sampling and Testing

Fifteen (15) borings (C-04-1 to C-04-14 & C-04-5A) were drilled in 2004, primarily to
obtain rock core samples for testing. Overburden was sampled in each boring using the
Standard Penetration Test (SPT) method (2-inch slit spoon), in accordance with ASTM D
1586, with blow counts taken continuously. No undisturbed sampling was performed.
Borings were drilled at the upstream and downstream sides of both abutments. Four (4)
borings were drilled downstream of the dam in/near the right abutment, and two (2) were
drilled upstream of the dam near the right abutment.

Of the four borings drilled in the right downstream area, one boring (C-04-5) was
abandoned at a depth of 35.5 feet due to the presence of petroleum odors. This was
encountered in a zone of weathered sandstone and shale. Drillers placed the auger
cuttings into two (2) fifty-five (55) gallon drums, as noted on the field logs. A “slight
petroleum-like odor” was noted on the drilling field log in a zone of silty clay (depth:
25.5 to 31 feet) near the ambient groundwater level of this boring. As a result, boring C-
04-5A was drilled approximately 50-feet upstream of C-04-5. Similar to the right
abutment, two (2) borings were drilled upstream of the dam near the left abutment, and
three (3) borings were drilled just downstream of the dam near the left abutment. No
borings were drilled in the river. Locations and graphic logs of these borings are shown
in Exhibits II-1 and II-4, respectively.

Jar samples from split spoons were collected and were visually described using the
Unified Soil Classification System (USCS), in accordance with ASTM D 2488. Natural
moisture contents were also determined on most (173 out of 176) of the overburden
samples. Sieve analyses were completed on approximately 15% of all jar samples, and
representative samples of the fine-grained soil samples were tested to determine
Atterberg Limits. No testing, beyond standard index testing to classify the soil types, was
performed. These test results are included on the graphic logs in Exhibit 11-4.
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5 Rock Testing

For the 2005 rock testing program, all samples were taken from the 2004 drilling
program and sample selections were done by Huntington District personnel. Sample
preparation and testing was carried out by FMSM Engineers, Inc. of Lexington,
Kentucky, an Army Engineer Research and Development Center (ERDC) validated lab,
in accordance with the applicable provisions of the "Rock Testing Handbook," WES
Geotechnical Laboratory Publication, March 1990.

The main goal of the 2005 testing program was to provide shear strengths and bearing
capacities for the reanalysis of the dam.

TABLE I1-1 Summary of Dover Dam Rock Strengths

Cross Bed Shear  Shear Parallel to Bedding Basic phi angle Bedrock Dam Interface Eiso Unit
Intact Peak Natural Fracture Peak Smooth Sawn Surface Grout on Rock Peak  AllowableBearing  Elastic Weight
(9) (9) (9) (9) psi Modulus
(c)psi (c)psi (c)psi (c)psi (x1076)
65 39 29 50 2191 168.5
Limestone 150 psi*** 7 psi 0 psi 33 psi**** 24.740 pcf
64 28 26 50 522 148
Upper Sandstone 88 psi*** 3 psi 0 psi 70 psi**** 2.050 pef
46 26 21 50 829 159.7
Sandy Siltstone 20 psi*** 2 psi 0 psi 60 psi**** 2.970 pcf
31 25 14 31 873 165.8
Siltstone 15 psi*** 1.5 psi 0 psi 60 psi**** 2.750 pcf
29 19 12.5 30 300 161.5
Shale 5 psi*** .5 psi 0 psi 50 psi**** 1.750 pcf
19*
Fault/Slickensided Joint* 0 psi
38
Concrete Key Lift Joint** Controlled by Rebar**

Shear Parallel to Bedding when used with the key should be reduced by 50% due to strain incompatibility with the rebar

*The cross bed shear strength assigned to the (Fault / Slickensided Joint) is the average of the basic phi angle for all of the materials except the Upper Sandstone.
The Upper Sandstone was excluded because it is not a component in the passive wedge of the 3 monoliths analyzed.

**The cohesion value used in the concrete key is assigned by structural section and is not published here.

***The cross bed shear cohesion was taken directly from the intact peak lower bound plot except cohesion was then reduced by 50 percent to account for scaling effects.

***The cohesion was taken directly from the lower bound plot of the grout on rock peak except cohesion was reduced by
66 percent to represent portions in the monolith where the contact is not bonded.

5.1 Sliding Shear Strength

Sliding shear strength is used to represent the shear strength of the rock where the
direction of the shear is parallel to the discontinuity. The majority of the discontinuities
in the foundation of Dover Dam are oriented nearly horizontal.

A total of forty-two (42) direct shear tests were run on core samples which represent
natural fractures. Normal loads varied from 40 to 120 psi. Similar tests were also run on
smooth-sawn samples to determine the basic phi angle of the materials (additional
discussion on smooth-sawn sample testing in section below). The peak strengths of these
natural fracture tests were plotted, and were taken into consideration along with the
smooth-sawn tests to effectively establish an upper and lower bound of the appropriate
values for sliding strength along open natural fractures in the foundation. The upper and
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lower bounds, the chosen natural fracture sliding strengths, and cohesion of the rock mass
were chosen as follows:

e Upper Bound. The linear regression plot of the peak strengths was assumed to
represent an upper bound of this sliding strength because it includes the resistance
of both the basic phi angle of the material, and the additional resisting influence of
the “second-order” irregularities within the sample itself. The second-order
irregularities are normally at a higher angle than the “first-order” irregularities (or
“i”” angle) within the overall rock mass; therefore, the angle of the linear regression
for these natural fracture peak strengths can be used as an upper limit of the natural
fracture sliding strength envelope.

e Lower Bound. The plot of the smooth-sawn surfaces, without the influence of the
first- or second-order irregularities, is assumed to represent the lower bound of the
natural fracture sliding strengths. Post-peak (residual) natural fracture plots are not
presented in this report since smooth-sawn surface tests were available.

e Rock Mass Sliding Strength. The rock mass shear strength along natural fractures
is represented by the basic phi angle of the material plus the additional
strengthening influence of “first-order” irregularities within the rock mass. The
first-order *“i”” angle was chosen based on engineering judgment. As expected, the
rock mass sliding strength line plotted between the upper and lower bounds
described above. (A selection of plots and the associated shear strength data are
included in Exhibit I1-6 .)

Cohesion. The linear regression plots of the natural fracture peak shear strengths are
plotting at or near the Xy intercept. The cohesion values used for design are based on
engineering judgment, taking into account the apparent cohesion intercept at zero normal
load and the characteristics of the natural fracture.

5.2 Cross Bed Shear Strength

Cross bed shear strength is used to represent the shear strength of the rock where the
direction of the shear is not parallel to the bedding but crosses through the bedding. In
the sliding stability analysis the cross bed shear strength of the rock is used to
characterize the base of the passive wedge except where the foundation reports or
exploration indicate faults or slickensided joints (see Photo II-1) are present along the
base of the passive wedge, in these cases the base of the passive wedge is better
characterized by the basic phi angle obtained from the smooth sawn surface shear
strength.

A total of forty-five (45) direct shear tests were run on intact foundation rock at normal
loads varying from 40 to120 psi. Subsequent to failure at peak strength the tests were
continued to obtain sliding resistance. The lower bound plot of the peak strength was
used to characterize cross bed shear. The phi angle and cohesion were taken directly
from the lower bound plot except cohesion was then reduced by 50 percent to account for
scaling effects. The intact rock strengths selection was based on engineering judgment
and in accordance with Corps guidance (EM 1110-1-2908).
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5.3 Smooth Sawn Surface Shear Strength

Smooth sawn surface shear strength is used to represent a slickensided plane and to check
the phi angle of the natural fracture (minus the first-order i angle).

A total of thirty (30) direct shear tests were run on sawn surfaces of foundation rock at
normal loads varying from 40 to 120 psi. Typically the phi angle can be calculated from
the plot of the peak shear stress, but the lab was unable to discern any peak shear stresses
for the limestone or the upper sandstone, however post peak shear stresses were obtained
for all rock types. To be consistent the post peak shear stresses for all of the rock types
were used to calculate the phi angle, but instead of plotting a lower bound the phi angle is
closer to the linear regression and any apparent cohesion plotted is ignored.

DOVER DAM|SEN B
MONND. 74 |00
PHOTOND. |

DATE 12335

Photo I1-1 Scanned photo from monolith 7 foundation report. The photo was taken from monolith 7
looking down stream at monolith 7A. Notice the bar that is resting on what is described as a fault. The
fault or slickensided joint is dipping upstream.

5.4 Grout on Rock Shear Strength

Grout on rock shear strength is used to represent the interface of the monolith and the
bedrock.

A total of forty-five (45) direct shear tests were run on sawn foundation rock surfaces
bonded to grout at normal loads varying from 40 to 120 psi. The lower bound plot of the
peak strength was used to characterize the contact of the monolith and the bedrock. The
Phi angle and cohesion were taken directly from the lower bound plot except cohesion
was reduced by 66 percent to represent portions in the monolith where the contact is not
bonded. Of the three (3) vertical 1982-1983 gallery borings one (1) describes the
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concrete to rock interface as intact with the remainder being open. The angled borings do
not describe the condition of the concrete to rock interface.

5.5 Elastic Modulus

A total of thirty-eight (38) unconfined compression tests were performed on abutment
bedrock samples. Axial and diametrical deformations were measured to allow derivation
of elastic constants. The elastic modulus was derived from the slope of a line
constructed tangent to the stress-stain curve at 50 percent of the peak stress.

5.6 Allowable Bearing Capacity

The allowable bearing capacity was calculated using Goodman’s (Introduction to Rock
Mechanics, page 311, Eq. 9.8) for ultimate bearing capacity and applying a factor of
safety of 5. Goodman’s equation uses the unconfined compressive strength, vertical joint
spacing, monolith width, and intact rock Phi angle to calculate the ultimate bearing
capacity. Goodman’s equation was chosen over those given in EM 1110-1-2908 because
it was more consistent, see exhibit II-6 for a comparison.

5.7 Failure Plane Selection

Multiple failure scenarios are shown in cross section with each monolith (see Exhibit No.
2) based on the stratification, location and orientation, frequency and distribution of
discontinuities of the foundation material, and the configuration of the base. Each
segment of the failure path is assigned a strength based on the material type, its condition
and orientation. The angle of the base of the passive wedge was defined by the classical
Coulomb passive failure plane equation (45- €/2). Monoliths 5 and 7 show faults in the
area of the passive wedge and are characterized using a smooth sawn surface shear
strength. Monolith 17 shows no faulting in the passive wedge and therefore uses cross
bed shear strength. The multiple failure options were then analyzed by the structural
engineer, who selected the most critical potential plane of failure.

5.8 Unit Weight

The unit weight of each rock type was calculated from material leftover from the
unconfined compressive tests. The specimens were prepared and tested in accordance
with guidelines established in RTH 109-93. The test data from each rock type was
averaged and the average is published in TABLE II-1.

6 Soil Characterization

Overburden characteristics are needed for soils found around the abutments and
immediately upstream and downstream of dam monoliths. Soils in and around the
abutments have been categorized as in situ soils, compacted backfill, rolled embankment,
rock fill, and upstream north abutment slide backfill. Soils placed immediately upstream
and downstream of dam monoliths have been termed compacted backfill. The
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aforementioned categorizations are consistent with naming conventions shown on project
as-built drawings.

Overburden characteristics are needed for two design purposes for this project. First, the
soils along each downstream abutment offer resistance to sliding of monoliths 1-6 and
16-23. Therefore, engineering properties of these soils are needed to determine the
amount of resistance they provide. Secondly, fills placed upstream of abutment
monoliths add both vertical and horizontal stresses on the upstream face of abutment
monoliths. Engineering properties have been selected to quantify these stresses for
sliding stability analyses. The following discussion explains the selection of engineering
properties of these materials.

Engineering properties for all known soils at this project have been selected using 2004
drilling and testing data, published correlations, and engineering judgment based on
experience. At-rest earth pressure coefficients for use in structural analyses have been
selected based on empirical relationships to shear strength parameters for granular soils,
and published correlations for cohesive soils as shown in Table I1-2. Tables II-3 and 1I-4
were utilized for correlating soil properties at the project based on SPT blow counts (N-
values) obtained during drilling. Table II-3 below was used for cohesive soils (>50%
passing the #200 sieve), while Table II-4 on the following page was used for granular
(cohesionless) soils.

Table II-2 — Typical Coefficients of Lateral Earth Pressure At-Rest (from Clough
and Duncan, 1991)

Coefficient of Lateral Earth Pressure At-Rest (K,)

Soil Type (ié) OCR=1 OCR=2 OCR=5 | OCR=10
Loose Sand 33.5 0.45 0.65 1.10 1.50
Medium Sand 36.5 0.40 0.60 1.05 1.55
Dense Sand 40.5 0.35 0.55 1.00 1.50
Silt 29.5 0.50 0.70 1.10 1.60
Lean Clay, CL 23.5 0.60 0.80 1.20 1.65
Hi%'l‘gfgjtic 20.5 0.65 0.80 1.10 1.40

Table II-3 — Approximate values of undrained shear strength for cohesive soils
based on SPT blow count N-values (from Terzaghi and Peck, 1967)

Soil Consistency SPTN Su (psf)
Very Soft <2 <250
Soft 2-4 250 - 500
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Medium 4-8 500 - 1000
Stiff 8-15 1000 - 2000

Very Stiff 15 -30 2000 - 4000
Hard > 30 > 4000

Table II-4 — Empirical values for ®, D,, and unit weight of granular soils based
on the standard penetration number with correction for depth and for fine
saturated sands (from Bowles, 1968)

Description Very loose I Loose Medium l Dense Very dense

. [ 1

Relative density D, 0 0.15 0.35 0.65 0.85 1.00
Standard penetra- ! | | |

tion no. V' 4 10 30 50
Approx. angle [ ' | ‘

of internal .

friction ¢°t 25°-30° 27-32° 30-35° 35-40° 38-43°
Approx. range

of moist unit

weigit, (v) pef 70-100% 90-115

110-130 110-140 130-150

t After Meyerhof [9]. ¢ =25 <+ 0.15D, with more than 5 perceat fines and ¢ = 30 + 0.15D,
with less than 5 percant fines. Use larger values for granular material with 5 percent or less fine
sand and silt.

% 1t should be noted that excavated material or material dumped from a truck will weigh 70 to 90 pcf.
Material must be quite dense and hard to weigh much over 130 pcf. Values of 105 to 115 pcf for
nonsaturated soils are common.

6.1 General

Extents of soils have been determined and correlated from as-built project drawings and
construction notes contained in Dover Dam Periodic Inspection Report No. 1, as well as
2004 LRH boring data. Project As-Built drawings show that the original ground surface
on the right abutment sloped riverward at about 1V:2H from old State Road No. 8§ (Sta.
1+50) to the former Ohio Canal (Sta. 3+00) at about El. 879, and continued at a gentle
slope to the river. As-built drawings also show a depth of approximately 30 feet to rock
below these cohesive, in situ soils. Original dam construction (started 1935) included
placement of fill, termed rolled embankment in project as-built drawings, over these in
situ soils to current elevations. Rolled embankment was placed to a 1V:1.5H slope from
the top of the right abutment (El. 933.7), to the middle of Monolith 6 at El. 885. Two 9.5
foot wide berms interrupt the slope at El. 918.3 and El. 902. Therefore, about 18-20 feet
of rolled embankment fill was placed in the right abutment area.

Due to a landslide in the upstream right abutment during construction, in situ soils were
removed to rock and replaced with rolled embankment. Twenty to thirty feet of rock fill
consisting of sandstone from an upstream quarry was placed over the rolled embankment
to current elevations. The original ground surface of the left abutment sloped riverward
at about 1V:3H. Approximately 20 feet of in situ soil was removed and graded to 1:2 and
1:3 slopes with benches at El. 902 and El. 885. Immediately downstream and upstream
of the dam monoliths starting at the top of rock and monolith contact point and rising at a
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1:1 slope to the existing ground, is of compacted backfill. An exception to this is
uncompacted backfill on the downstream side of monoliths 20 and 21.

Based on as-built drawings and confirmed by 2004 boring data, the soil column along the
downstream right abutment at Monolith 5 consists of in situ soils from the top of rock
approximate El. 867 to El. 883, and rolled embankment from El. 883 to EI. 902.
Upstream of Monolith 5 consists of US north abutment slide backfill from top of rock to
El. 883, rolled embankment from El. 883 to El. 894, and rock fill from El. 894 to El. 915.
Compacted backfill is located immediately upstream and downstream of the dam at the
right abutment from the top of rock to the existing ground surface. Along the left
abutment at Monolith 17, the soil column is believed to consist of in situ soils from top of
rock to the ground surface (El. 886). Borings drilled in 2004 in the left abutment
downstream of the dam (C-04-8, 9, and 11) were located in areas of uncompacted
backfill. See Exhibit II-5 for sections showing soil stratigraphies at Monoliths 5 and 17.
Engineering properties for all of these materials were needed for stability analyses and
for evaluating construction alternatives. Table II-5 below lists selected engineering
properties for all these soils.

Table 1I-5 — SOIL PROPERTIES

Short-term Condition Long-term Condition
Material Ko |Vsar oen| Ymst | @ (@eg| Sy os|ysar oen| Ymst |@ @eg| Sv
Rock Fill 0.45 130 120 35 0 130 120 35 0
*Compacted
Backdill 0.45 125 120 35 0 125 120 35 0
Rolled
Embankment 0.45 125 120 33 0 125 120 33 0
In situ soils 0.70 128 125 0 1500 128 125 31 0
*US North Abut.
Slide Backfill 0.55 120 110 28 0 120 110 28 0
Uncompacted
Backfill 0.60 125 120 0 800 125 120 30 0

* Compacted backfill is located adjacent to upstream and downstream sides of monoliths #5 & #17 and behind the right training and retaining walls.
+ See Periodic Inspection Report No. 1, Appendix IV, pg. 13, Section 8. Construction Notes.

6.2 Existing Soils

6.2.1 In Situ Soils

Borings C-04-5, C-04-5A, and C-04-6, located on the right abutment, show that soil
samples taken below El. 883 generally contain 60-75% clays and silts, 10-25% sand, and
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5-15% gravel, by weight. In situ soils found along the left abutment in boring C-04-10
generally contain 50-60% silt and clay, 15-20% sand, and 20-25% gravel, so they are
generally classified as sandy clays with gravel.

These soils generally exhibit medium plasticity with liquid limits of 35-40% and
plasticity indices of 21-23 (See Exhibit I1-4 for Atterberg Limits test data). Penetration
resistances observed during drilling are indicative of a stiff consistency (N-values of 8-20
blows/foot). N-values within the anticipated in situ soil layer in borings C-04-5A, 5, 6,
and 10 averaged 11 to 16 blows/foot.

As noted previously, no undisturbed sampling was performed. Published correlations
were reviewed to obtain approximations of the at-rest earth pressure coefficient and
undrained shear strength parameter. These correlations are shown in Tables 11-2 and I1-3
and were used to select the parameters shown in Table II-5. Engineering judgment and
past testing results for similar soils from other District projects was used to determine the
drained shear strength parameter.

Using Table II-2, in situ soil was assigned an at-rest earth pressure coefficient (K,) of
0.70. This is considered reasonable because although consolidation testing was not
performed it is estimated that these soils, which fall under the lean clay (CL) category in
the table, are overconsolidated. An overconsolidated soil is defined as a soil whose
present effective overburden pressure is less than that which the soil experienced in the
past. Since overlying soils were removed from the present in situ soils of the left
abutment during construction, these soils are considered overconsolidated. Due to a
landslide during construction, the in situ soils upstream of the right abutment were
removed and backfilled with granular soils. The downstream right abutment in situ soils
were covered with about 20 feet of granular rolled embankment during construction.
Project in situ soils are estimated to fall between an overconsolidation ratio (OCR) of 1
and 2 in Table II-2. Using Table II-2, a lean clay with an OCR midway between 1 and 2
would have a value of K,=0.70.

As noted previously, N-values for in situ soils averaged 11 to 16 blows/foot.; 11
blows/foot is roughly in the middle of the N-value range of stiff clay in Table II-3. As a
result, in situ soil was assigned an undrained shear strength value of 1500 psf, which is
midpoint in the range of 1000 to 2000 psf as shown in Table II-3 for stiff clay.

6.2.2 Compacted Backfill

Compacted backfill was placed between excavated soil and the dam monoliths on both
their upstream and downstream sides, with the exception of the downstream side of
monoliths 20 and 21. Compacted backfill was also placed between excavated rock and
structural concrete for the right retaining (upstream) and training (downstream) walls.

As previously noted, no project specifications are available. As a result, little is known of
the composition and requirements for compacted backfill. The 2004 borings (C-04-5A
and C-04-6) show that in areas of compacted backfill, the soils typically contain
approximately 15% fine-grained materials (% passing the #200 sieve) with wide
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variations in sand and gravel proportions. The natural moisture contents of these soils
ranged from 5 to 12%. Based on 2004 boring data, compacted backfill is characterized
by about 15% fines, whereas in situ soils contain about 50-70% of fines. Compacted
backfill is generally classified as silty sands and gravels.

Areas of compacted backfill in borings C-04-5A and C-04-6, averaged N-values of 20-25
blows/foot, correlating to a medium dense granular soil in Table 1I-4. By using Table II-
4, compacted backfill with average N-value of 20 blows/foot was assigned an internal
angle of friction (®) of 35" and moist unit weight of 120 pcf, which correspond to ® and
unit weight values midway between N-values of 10 and 30 blows/foot. Effective shear
strength parameters and unit weights for compacted backfill and rolled embankment were
estimated to be relatively similar based on blow counts (N-values) and gradations. Table
II-5 lists all selected parameters for compacted backfill soils.

6.2.3 Rolled Embankment

Rolled embankment was placed over in situ soils in the downstream right abutment and
upstream left abutment, as well as over the slide backfill in the upstream right (north)
abutment. The exact composition and compaction placement procedures for rolled
embankment are unknown. 2004 borings show that areas of rolled embankment soils
typically contain approximately 15% of fine grained materials and varying amounts of
sand and gravel percentages. Rolled embankment is generally classified as silty sands
and gravels. Areas of rolled embankment in borings C-04-5 and 5A averaged 16
blows/foot. An area of rolled embankment in boring C-04-4 shows about 5% fines and
average of 20-25 blows/foot. These correlate to a medium dense granular soil and though
similar in gradation to compacted backfill they were assigned lower strength values due
to lower blows counts. By using Table II-4, rolled embankment with average N-value of
16 blows/foot was assigned an internal angle of friction (®) of 33" which corresponds to a
® value roughly one third of the way between the @ value range of 30" to 40" associated
with the N-values range of 10 to 30 blows/foot.

6.2.4 Upstream (US) North Abutment Slide Backfill

As-built construction notes, contained in Periodic Inspection Report No. 1, state that due
to heavy rains during construction a slide developed in the right upstream abutment. This
material was removed to rock and replaced with “rolled embankment.” This slide
backfill is approximately 10 feet thick, and lies below 10 to 30 feet of rock fill. This area
has been differentiated from rolled embankment due to significantly lower blow counts
(N-values) encountered during 2004 drilling. There is no information available in
regards to the placement procedures for this material.

Blow counts in boring C-04-14 in the area of this slide backfill averaged 8 blows/foot.
This boring was located behind the upstream right retaining wall. Upstream north
abutment slide backfill contains less than 15% fines and can be characterized as poorly
graded sands with gravel. By using Table II-4, US north abutment backfill with average
N-value of 6 blows/foot was assigned an internal angle of friction (®) of 28" which

Tab II: Geotechnical Page 16



Dover, OH (Tuscarawas River) FINAL DSA Evaluation Report
Dam Safety Assurance Program

corresponds to the lower end of the blow count range for loose granular soils (N-value= 4
to 10).

6.2.5 Rock Fill

Rock fill was placed over slide backfill to the existing grade in the upstream right
abutment, most likely due to steep slope geometry and prior slope failure during
construction. The rock fill consists of sandstone and limestone from required excavation
and ranges from 10 to 30 feet in thickness. Blow counts in the area of rock fill varied,
but typically averaged greater than 50 blows/foot. Its assigned shear strength value was
based on typical friction angles for angular rock.

6.2.6 Uncompacted Backfill

Uncompacted backfill was placed between excavated soil and the left training wall and
between excavated soil and structural concrete on the downstream side of Monoliths 20
and 21. This material was encountered in borings C-04-9 and C-04-11, and generally
consisted of 50-60% fines (silts and clays) and N-values that averaged 6-8 blows/foot,
correlating to a medium consistency. Uncompacted backfill is similar in soil
classification to the in situ soils, and is generally characterized as sandy clays with gravel.

By using Table II-3, uncompacted backfill with N-value of 6 blow/foot was assigned an
undrained shear strength value of 800 psf, which roughly midpoint in the range of 500 to
1000 psf as shown in Table II-3 for medium consistency (N-value= 4 to 8). Using Table
II-2, uncompacted backfill was assigned an at-rest earth pressure coefficient (K,) of 0.60,
corresponding to lean clay (CL) with overconsolidation ratio (OCR) of 1. Table II-5 lists
all selected parameters for uncompacted backfill soils.

6.3 Groundwater Conditions

Groundwater levels found during the 2004 drilling program generally coincide with the
river elevation just above the soil and bedrock interface, which rises in elevation with
distance from the river. Groundwater readings were taken upon completion of each
boring; 24-hours readings were recorded in about half of the borings. Installation of
several piezometers to evaluate groundwater levels in the abutments is planned following
proposed FY-07 undisturbed drilling.

7 Soil Design Considerations

7.1 General

Engineering properties of soils in both abutments were determined for use in stability
analyses for the recommended plan. As stated previously, no shear strength testing was
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performed on soil samples obtained during the 2004 drilling program. Engineering
properties for all known soils at this project have been selected using 2004 drilling and
testing data, published correlations involving SPT blow counts, and engineering
judgment. At-rest earth pressure coefficients for use in structural analyses have been
selected based on empirical relationships to shear strength parameters for granular soils,
and engineering judgment for cohesive soils. Six (6) borings are proposed in FY-07 to
obtain undisturbed soil samples for testing in order to better define soil strength
parameters and stratigraphies necessary for completion of analyses during the design
phase of this project.

7.2 Abutment Soil Stability

Fill soils placed just upstream and downstream of abutment monoliths enhance monolith
stability. As a result, it is necessary to assess the potential for loss of these fills due to
slope instability. Slope stability calculations have not been performed during this phase
of the project because possible modification of the existing stilling basin and associated
training walls which may affect the future abutment slope configurations have not been
determined. These will be determined in the design phase following hydraulic physical
modeling of the dam by the U.S. Army Engineer Research and Development Center’s
(ERDC) Coastal and Hydraulics Laboratory.

In reviewing the abutments soils, the following observations have been made:

e Abutment slopes have been stable since completion of construction, spanning a
period of about 70 years.

e Abutment fill soils are generally pervious and are likely to provide adequate drainage
to prevent slope failures during drawdown following high pools. Exposed impervious
in situ soils located on the downstream left abutment are not believed to be pervious
due to their percentage of fines (50-60%); however, downstream left abutment slopes
are at a 1% grade from the top of the training/retaining wall to El. 885.5, IV:4H to a
berm at El. 902 and 1V:2H slope to the south end of the dam.

e The pool of record (El. 907.35) and subsequent drawdown did not cause slope
failures in these areas.

e The upstream right abutment has the steepest slope, but contains approximately 20
feet of rock fill and is buttressed by a retaining wall founded on rock.

For these reasons, it is anticipated that the upstream abutment slopes are stable.

However, data from proposed hydraulic physical modeling at ERDC’s Coastal and
Hydraulics Laboratory is needed to define hydraulic conditions during a PMF level event.
Abutment soil stability analyses will be completed during the design phase.

7.3 Parapet Wall

Due to pervious subsurface conditions in the upstream right abutment area, underseepage
concerns with the proposed upstream parapet wall along its alignment surrounding the
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parking area were evaluated. Due to the size and density of these granular soils (poorly
graded sands and gravels), piping of material and consequential instability of the wall
foundation is not a concern, and thus formal seepage calculations were not performed. A
toe drain is proposed to intercept potential seepage and decrease uplift pressures that may
damage the asphalt pavement on the dry side of the wall.

The proposed parapet wall on the right abutment is a typical I-wall except for the sub
grade portion which is proposed to be founded on drilled H-piles encased in concrete
spaced on 6 feet centers. The use of sheet piling may not be practical in this area due to
the dense granular soils. Blow counts from boring C-04-4 located near the center of the
adjacent parking area ranged from 18-39 blows/foot from the ground surface to a depth of
15 feet and averaged 8 blows/foot from a depth of 15 feet to bedrock.

The proposed parapet wall on left abutment follows along the upstream side of abutment
monoliths before heading upstream, paralleling the existing abandoned railway
line/walking trail. The elevation of the trail in this area is roughly El. 934 and thus the
wall height will be about 4 feet above the existing ground surface. A handicap access
ramp is proposed to allow access along the trail where the I-wall crosses to tie into high
ground. The random fill required for construction of this ramp will be purchased from a
commercial source or possibly onsite excavations.

Borings C-04-13 and C-04-14 drilled along the southeast edge of the trail at the end of
the left abutment showed fairly shallow depths to bedrock. An approximate 5-foot thick
stratum of heavily weathered shale was encountered at depths of 14 feet and 13 feet in
borings C-04-13 and C-04-14, respectively. This is underlain by hard sandstone that
extends to approximately El. 890. The overburden in these holes is predominately silty
clays with sands and gravels, and exhibited an average N-value of 8 blows/foot
correlating to medium stiff to stiff in terms of soil consistency. Underseepage does not
pose a threat due to the short wall height and depth of sheet piling for the I-wall. Slope
stability was not a concern as the ground slopes at approximate 1V:5H toward the river
for about 20 feet from the wall centerline. From there the slope changes to 1V:2.5H. As
stated previously, analyses will be performed during the design phase to verify stability.

7.4  State Route 800 Gate Closure

Foundation conditions for the proposed State Route 800 gate closure are unknown at this
time. Conditions must be determined to properly design the abutment monoliths and sill
as well as prepare plans and specifications. Borings C-04-1 and C-04-2, drilled about 25
feet to the north of the roadway centerline, indicate a relatively shallow bedrock depth
beneath the road surface. However, project as-built drawings show that rock dips steeply
toward the river. Drilling consisting of overburden sampling and rock coring is planned
for the gate closure monolith locations.

7.5 Streambank Erosion Protection

7.5.1 Stone Slope Protection
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Bank protection is needed to protect park facilities, SR 800 and abutments against erosion
from high flow velocities during significant high water events, which could result in
slope instability. High flow velocities during a potential PMF event could undermine the
stability of downstream abutment soils which provide resistance to sliding of adjacent
monoliths.

The feasibility-level design is to replace the existing riverbank stone slope protection
downstream of the stilling basin with graded 36-inch top size stone since the existing
stone is estimated to be undersized for a PMF event. This conventional stone slope
protection will consist of excavation of existing stone and soil to a stable geometry,
installation of a geotextile, and then placement of stone to a thickness of approximately
one and a half times its top size or approximately 4.5 feet. The stone shall be keyed in at
both the toe and top of the protection and end transitions to prevent outflanking.

As stated previously, hydraulic conditions during a PMF event are unknown at this time
but will be determined following hydraulic modeling using scaled physical replicas of the
dam by ERDC. Extent and technique of bank treatment will be verified during the design
phase. See Appendix C, Tab I, Hydrology and Hydraulics for more detail.

7.5.2  Environmental Design Consideration

The proposed project lies within the range of the clubshell mussel (Pleurobema clava), a
Federally-listed endangered species. Existence of mussel populations are unknown at
this time but will be determined prior to construction following commissioned mussel
surveys in partnership with the U.S. Fish and Wildlife Service. Alternative approaches to
bank protection are available that would not significantly affect the feasibility or cost
assumptions of this report should mussel populations affect the current design. As stated
previously, extent and technique of bank treatment will be verified during the design
phase. See Section 2.5.3 (Wildlife and Endangered Species) of the main report for more
detail.

8 Uplift

The original design assumed uplift of full reservoir head at the heel varying linearly to
full tail water head at the toe, but the uplift pressure was assumed to be acting on only
40% of the base. Current guidance assumes uplift acts over 100% of the base and the
only reduction allowed is at the line of the drains, called drain efficiency. Drain
efficiency represents a reduction in uplift pressures acting upon the base of the dam due
to the interception of charged discontinuities by the drains. Current Corps guidance for
dams with drains assumes a bi-linear distribution, full reservoir head at the heel varying
linearly to a percent reduction at the line of the drains then to full tail water head at the
toe (see Figure II-1).
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Us; = (1—9}' {U1—Uf_:| [L;_v / I:L1+L;_~)] + s
where:
U- = Tw H1
Pool Us = 1o Ha
Uy = Larger of U; and 7y, Ha
e = drain efficiency (decimal)
H,
. Tailwater
Crainage gallery
Ha
A& L L-
A
U,
U 2
U, ;

Figure II-1 (from EM 1110-2-2100)

For the 1977 stability reanalysis, the drains at Dover were assumed to be nonfunctional,
for this current Evaluation Report it was decided to take a fresh look at the drainage
curtain and drain efficiency.

The reduction in uplift due to the drainage curtain (drain efficiency) is based on many
factors, some of these include: top of drain elevation, drain spacing, drain depth, and
angle of the drain. The following paragraphs compare and contrast the drains at Dover
Dam to the ideal, modern drainage system design.

A modern concrete gravity dam is typically designed with two galleries, an upper gallery
to facilitate operation of the dam’s gates, etc., and a lower inspection (or “drainage” or
“grouting”) gallery from which the upstream grout curtain and the downstream drainage
curtain are constructed, and where uplift pressures are monitored through
instrumentation. The ideal drainage curtain would be located in an inspection gallery
near the upstream face, and as near the rock surface (in elevation) as feasible to provide
the maximum reduction in overall uplift. By locating the inspection gallery at the lowest
possible elevation, the drains are more permeable, and by locating it near the upstream
face, the reduction in uplift provided by the drains is optimized. Dover Dam has 22
drains located in the Dam’s single (operations) gallery in monoliths 4 through 15 with top
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of drain elevations of 882.25 and 886.25 (see Table 11-6.). It should be noted that drain
11 was not drilled into bedrock. The drains in monoliths 7 through 15 intercept bedrock
on the downstream bottom of the concrete key, and their top elevations are 53.5 feet
above bedrock. Monoliths 4 through 6 (which have no key) have top of drain elevations
that average 29.5 feet above bedrock. Due to their location high up in the operations
gallery, the drains have a greatly increased head to overcome to reduce uplift. Also, the
drains have not been well maintained, in that they have only been cleaned once, during
the flood of 2005, by high pressure jetting. The uplift cells were also cleaned at this time
in a similar fashion. The uplift-cell data at Dover Dam is questionable. The earliest
available records of uplift-cells readings are from a flood event of (elevation 905.0) July
12 of 1969, some 28 years after the dam was constructed. Up until January of 2005 when
Dover Dam reached a pool of 907.3 (current pool of record) the 1969 flood was the pool
of record. During the 1969 flood, uplift cell number 8 stayed dry, but during the 2005
flood it gave readings near 100% theoretical uplift, and, after being cleaned during the
2005 flood event, this cell gave readings above 100% theoretical uplift. Uplift cells 4 and
5 both showed higher readings in 2005 than in 1969 but not as dramatic. Uplift pressure
plots from the 1969 and 2005 flood can be found in Exhibit II-7.

Drains in modern concrete gravity dams are from 3 to 5 inches in diameter, typically
spaced at 10-foot intervals, with depths up to 70% of the height of the dam, and are
drilled at a slight angle (typically downstream) to increase the likelihood of intercepting
near-vertical, open bedrock joints—the most common conduits to the reservoir in
relatively flat-lying sedimentary bedrock strata. The drains at Dover are vertical, and are
therefore much less likely to intercept vertical bedrock joints. Dover’s drains have an
average spacing of 20.1 feet and a maximum spacing (between drains 1 and 2) of 35.8
feet; on average, the drains are two times the currently recommended spacing, and in
some areas over three times.

Drains must be well maintained to ensure continued functionality. In a modern dam, a
maintenance plan would be developed to clean the drains by over-reaming or re-drilling
to ensure elimination of mineral crusts, algal slimes, and other blocking materials on a
regular interval. The drains at Dover are not considered “well maintained” because they
have only been cleaned once in the dams life time, in 2005 (by high pressure jetting), but
not followed up with a down-hole imagery to confirm the results.

Drain efficiency. Funding has not been made available to devise or execute an
investigative program to estimate the drains’ actual contribution to uplift reduction over
the base of the dam. If funding was made available, the task would be difficult because
the drains at Dover are (elevation 882 and 886) 17 to 21 feet higher than the typical pool
elevation of 865.0 and therefore they don’t start functioning as drains until the pool is
higher than their top elevation. Maintenance of the drains is discussed above. Also, no
down-hole imagery has been run down the drains to determine the actual degree to which
incrustation has impacted the drains’ intersections with bedrock discontinuities.
However, as stated earlier the drains were cleaned using high pressure water-jetting in
2005, and 9 of the drains flowed during the pool of record. Therefore, it was deemed
prudent to assume that the drains provide some minimal uplift reduction. For this phase
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of study, a 5% drain efficiency for each drain has been chosen for use in the structural
analyses; therefore a monolith with two (2) drains would have 10% drain efficiency, and
SO on.

Top of Concrete to [Drain Hole Depth | Drain in
Drrain Drrain Rock Contact From Top of | Concrete | Drain in
Monalith | Mumber | Elevation Elevation Drain ifeet) ifeet] | Rock (feet)

4 1 85225 865 56.5 1725 39.55
5 2 85225 548 B3.6 34.25 34.35
B 3 85225 g49 B9.5 33.25 36.25
4 85225 g30 B9.5 52.25 17.55

7 ] 852,25 g30 Ba.7 52.25 1745
B 852,25 g30 70.5 52.25 15.25

] i 852,25 530 70.1 52.25 17.85
] 85225 g30 B3.1 52.25 16.585

9 9 852,25 g30 £9.9 52.25 17 .65
10 10 8ok, 25 g30 727 56.25 16,45
11 8ok, 25 g30 50.5 56.25 -5.75

12 gak. 25 g30 /3.8 56.25 17,55

11 13 896,25 830 /3.0 56.25 16.75
14 886,25 530 /3.7 56.25 1745

12 15 886,25 530 1.7 56.25 15.45
16 886,25 530 1.5 56.25 15.25

13 17 886,25 535 70.0 51.25 18.75
18 886,25 535 B7.5 51.25 16.25

14 19 886,25 835 741 51.25 22.85
20 886,25 835 /1.8 51.25 20.55

15 21 886,25 535 70.0 51.25 18.75
22 886,25 535 B3.5 51.25 1725

Table II-6 Foundation Drain Data

9 Effect of Anchors on Uplift

The remediation at Dover Dam will require significant anchoring in the spillway and
apron for stabilization. The procedure of anchoring will introduce grout into the
foundation in quantities that cannot be predetermined. This grout in the foundation can,
if added at the right location, help the grout curtain reduce the permeability at the heel,
but if injected at or downstream of the drains, such as the multiple rows of anchors
needed in the apron, can cause a build up of pressure under the foundation. For the level
of study appropriate for this Evaluation Report the drain efficiency will be reduced to 0
percent in those monoliths with anchored aprons, but as part of the Design Document
Report, (DDR) the anchoring system of each monolith will be evaluated and the drain
efficiency reduced, if deemed appropriate. The anchoring system will be evaluated
based on the following parameters:

1) Number of anchors per monolith

2) Location in the foundation of each anchor

Tab II: Geotechnical Page 23



Dover, OH (Tuscarawas River) FINAL DSA Evaluation Report
Dam Safety Assurance Program

3) Diameter of bore hole
4) Grout penetration

5) Monolith width

For design purposes, the monolith foundations will be divided into zones depending upon
the degree to which grouted anchors would influence the drain efficiency in that
particular area of the foundation. The zones are depicted in Exhibit No. 10. Grout
penetration around the anchors is estimated at 8 inches. A drain efficiency reduction
factor is calculated for each zone based on the number of anchors, bore hole diameter,
grout penetration, and monolith width. Subsequently these per zone reductions (if any)
are combined to determine the total reduction for the entire monolith. This percentage
value is then applied to the originally assumed drain efficiency to establish the
appropriate reduced total efficiency for the monolith.

10 Breach Assumptions

Some of the hydraulics analyses performed for this study required assumptions of the size
of breach which might occur during failure. This depends upon several factors: the
founding lithology; the depth of the critical sliding plane below the concrete-rock contact,
the lateral continuity of open bedding planes and structural discontinuities, and their
likelihood of intersection with adversely oriented joints. Based upon the current
understanding of the bedrock foundation, it was determined that sliding would occur in
the spillway section and could initiate over as little as two to three monoliths, but would
quickly spread to include the total width of the spillway due to the highly erodible nature
of the shale and siltstone below the limestone. The shale has an average RQD of 51 (see
Exhibit I1-6

11 Anchor Designs

The anchors needed for stabilizing Dover Dam range up to 61-strand. The project’s
design currently calls for twenty seven (27) multi-strand anchors and one hundred forty
(140) 1-3/8” bar anchors. These anchors are only needed in the spillway monoliths and
the apron.

11.1 Corrosion Protection

Because of the serious consequences of failure and the expected service life (50+ years),
corrosion protection for the anchors will be Class I, Encapsulated Tendons, as described
in the 2004 Post-Tensioning Institute, RECOMMENDATIONS FOR PRESTRESSED
ROCK AND SOIL ANCHORS. The tendons shall be 0.6 diameter, 7-wire pre-stressed
bare strand throughout the bond length with corrosion inhibiting grease and
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polypropylene extruded sheathing throughout the stressing length. The anchors shall be
fully encapsulated with corrugated HDPE. The 10” corrugated HDPE shall be 90 mil
minimum thickness, and all smaller diameter corrugated HDPE to be used for the anchors
shall be 60 mil minimum thickness.

11.2 Anchor Depth Calculation

“The anchor depth is taken as the anchor length necessary to develop the anchor force
required for stability” (EM 1110-1-2908, 30 Nov 94). Simply stated this is the depth
below the failure plane at which the potential rock mass failure cones start. For the
Dover DSA Project these cones are assumed to start at the mid-point of the bond zone.
EM 1110-1-2908 gives multiple formulas for calculating anchor depths, based on the
rock mass conditions. There are two formulas given for competent rock that incorporate
rock mass cohesion, a single anchor in competent rock (formula 9-1) and a row of
anchors in competent rock (formula 9-2). There are three formulas given for fractured
rock that incorporate the weight of the rock mass, a single anchor in fractured rock
(formula 9-4), and a row of anchors in fractured rock (formula 9-5). Regardless of the
condition of the rock mass, there is only one formula for multiple rows of anchors
(formula 9-3) and it uses only the weight of the rock mass for the resisting force. The
anchors on the Dover DSA Project will be designed on a monolith-by-monolith basis.
All of the anchored monoliths will have multiple rows of anchors. Lessons learned from
previous anchoring projects show that using formula 9-3 can give anchor depths that are
unreasonably long and extremely difficult to construct (see Bluestone Dam example,
length 535 feet, in figure 11-2). Accepting the lengths required by this formula, the hole
alignment specifications would have to be written such that the bore hole could only vary
0.75 of a foot for every 100 feet drilled to ensure that the borings do not intercept. The
design team therefore decided to look at other methods of calculating anchor depth which
would incorporate only the weight of the rock mass as the resisting force. The chosen
methodology, described below and previously applied to the Bluestone DSA project, will
be used for the Dover Dam anchors. Stability is analyzed for each monolith individually;
therefore, the anchors can be evaluated as a system, on a monolith by monolith basis. A
system of anchors can be further broken out into groups when the system of anchors
performs more than one function, such as 45 degree anchors to resist sliding and vertical
anchors for overturning.

Tab II: Geotechnical Page 25



Dover, OH (Tuscarawas River) FINAL DSA Evaluation Report
Dam Safety Assurance Program

.

—=—EMBEDMEMNT DEFTI =360 FT

dan v v au . e . N

Figure I1-2 (an example of anchor embedment calculated for the BluestoneDam DSA project using EM
1110-1-2908, 30 Nov 94, formula 9-3, the 45 degree anchors have a total length of 535 feet)

Embedment depths can be designed for a group of anchors by totaling the forces within a
group, and using formula 9-4 (single anchor in fractured rock) for each group. Using this
approach, the Bluestone monolith depicted in figure II-2 would have an embedment
length of only 40 feet below the failure plane for the vertical anchors and 66 feet for the
45 degree anchors. The embedment lengths are checked by creating a 3-D Micro Station
drawing of the cones and ensuring that the weight of the cones, using the buoyant weight
of rock, equals the force the anchors. The tips of the cones start at the midpoint of the
bond zones and go out at 45 degree angles, the cones are constrained at monolith
boundaries and failure planes. Also, the 45 degree anchor cones, are stopped at the end
of the monolith on the downstream side (see Figure 11-3). The volumes are calculated by
merging the cones in Micro Station. The resisting weight of the cones is calculated by
multiplying the volume by the buoyant weight of rock. When looking at multiple groups
of anchors, the cones from each group can and will often overlap, the rock in this overlap
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area can only be used for one group of anchors and must be subtracted from the other
group. The design goal is that the weight of the cones will be at least 1.3 times the force
they are opposing. For Dover Dam monolith 7 this methodology gives a resisting weight
of 1.8 times the force of the vertical anchors and 2.7 times the force of the 45 degree
anchors.

Figure II-3

11.3 Bond Length Calculation

Anchor bond length calculations concentrate on the grout to rock bond and not the grout
to tendon bond. According to EM 1110-1-2908, 30 Nov 94: “Experience and numerous
pull-out tests have shown that the bond developed between the anchor and the grout is
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typically twice that developed between the grout and the rock.” Bond lengths are
calculated by using formula 9-6a from EM 1110-1-2908, and vary depending upon hole
diameter, grout-to-rock bond strength, and actual loading to be applied. The working
bond strength is a weighted average calculated from the material just above and below
the embedment depth. At this time no small scale anchor bond pull out tests have been
conducted. The grout-to-rock bond strength used for this level of design comes from
published strengths in the PTI manual and engineering judgment. The diameter of the
hole is dependent on the number of strands and the type of corrosion protection each
anchor uses. Bond lengths will be designed as appropriate using formula 9-6a, but the
design will ensure that the minimum bond length for anchors is in accordance with the
PTI manual recommendations of 15 feet for strand and 10 feet for bars.

12 Future Explorations and Investigations

12.1 Rock

To complete a Detailed Design Report (DDR) additional subsurface exploration and lab
testing is needed to adequately characterize the valley bottom, both at the heel and in the
apron and apron toe also concrete samples from the dam will be needed, so accurate
concrete shear strengths can be assign to the reinforced key and the mass concrete of the
dam . Any new features such as anchors, downstream cutoff walls and gate closures that
may be a part of the Dover DSA project will also be added to the exploration and testing
program.

12.2 Soil

Additional subsurface information is needed to adequately characterize soil stratigraphies
and better define the engineering properties of these soils. The designed compositions
and placement procedures of in situ project soils and fills are unknown due to limited as-
built drawings and no project specifications. The 2004 boring locations were such that
they did not provide adequate data for in situ soils and compacted backfill of the
downstream left abutment area. All borings performed downstream of the left abutment
(C-04-8, 9, and 11) were performed in uncompacted backfill as denoted in as-built
drawings. Boring C-04-11 located just downstream of Monolith 20, is in an area labeled
as uncompacted backfill on as-built drawings. Both borings C-04-8 and 9 are located in
uncompacted backfill behind the left downstream retaining wall. Six (6) borings are
proposed in FY-07 to obtain undisturbed soil samples for testing. Following drilling,
piezometers will be installed in several holes to monitor groundwater conditions in the
downstream abutments.

12.3 Seismic

A site and structure specific seismic evaluation will be completed as part of the DDR.

Tab II: Geotechnical Page 28



EXHIBIT II-1

BORING LOCATION PLAN
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EXHIBIT II-2

ROCK PROFILES AND SECTIONS
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EXHIBIT II-3

GEOLOGY AND SOILS LEGEND
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lMI‘% Jgenlilicalion ond Descriplion Hunlinglon District
GROUP FIELD IDENTIFICATION URES INF TION REQUIRED FOR HARDNESS BROKEN OR FRACTURED CORE
WAJOR DIVISIONS SYMBOLS TYPICAL NAVES Excluaing porticies lorger 1on 3 iches SCRIBING SOILS LABORATORY CLASSIFICATION CRITERIA Very Soft — Con be deformed by hand Severely Broken — Broken core pieces con nol be reconstructed,
3 4 5 6 7 Soft — Con be scrotched with fingernail Moderotely Brok grovel-sized pieces, core loss common
i H H oderalely Broken — Broken core pieces con be reconstructed with
w.g. 7 sizes ond . ) ?._ Moderately Hord — Con be scrotched easily with o knife
&% GW \\uu-r f‘m" "F"-w i"' °"‘°""'5 °' ol Fﬁm:o'mﬁ m’niﬁm " D Greater thon 4 Hord = Con be scrotched with difficully , some difficulty
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3-3 “'"’"ﬂ'm moisure condilions, eV’ Very Hard — Connot be scratched with o knife
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Highly Orgonic Soils

P Peal ond olher highly orgonic soils.

Reodily iderlilied by color, odor,

leel 'ond irequenliy by librous |ealuvei
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For loborolory clossilicolion ol line-groined soils

LIQUID LIMIT
PLASTICITY CHART

THICKNESS OF BEDDING
Mossive — Beds 3 feet thick or greater
Thick Bedded — Beds from 1to 3 feet thick
Medium Bedded - Beds from 4 inches to 1foot thick
Thin Bedded — Beds 4 inches or less

GRAIN SIZE
Boulders — <305 mm diometer
Cobbles - 305 - 76 mm diometer
Gravel = 76 - 5 mm diometer
Coorse Grained =5 - 2 mm diometer
Medium Groined — 2 - 0.4 mm diometer
Fine Groined — 0,4 - 0.1 mm diometer
Very Fine Groined — 0,1 mm diometer

LIGHT GRAY REDUCTION SPOT FREQUENCY Smooth —

Few — Greater thon 1/2-inch spacing between reduction
spots with diometers of 0.01 or greater

Numerous - 1/2-inch spacing or less between reduction I lor —
spots with diometers of 0.01' or greoter rrequior

DEGREE OF WEATHERING
Unweathered — No evidence of any chemical or mechonicoal olteration
Slightly Weatherd — Slight discoloration on surface, slight alteration along
discontinuities, less thon 10Z of the rock volume oltered
Moderotely Weathered — Discoloring evident, surfoce pitted ond oltered with
alteration penetrating wellbelow rock surfaces,
weathering "holos" evident, 107 to 507 of the rock oltered
Highly Weothered — Entire mass discolored, olteration pervoding neorly all of
the rock with some pockets of slightly weathered rock
noticeoble, some minerals leoched owoy

Decomposed — Rock reduced to o soil with relict rock texture,
generolly molded ond crumbled by hond

DISCONTINUITY SURFACE
Very Rough — Neor verlicolridges occur on the discontinuity surfoce
Rough - Some r-dges ore evident: osperities ore cleorly visible
ond discontinuity surfoce feels very abrasive
Slightly Rough — Asperities on the discontinuity surfoce ore
distinguisable and con be felt
Surfoce opperaors smooth ond feels so to the touch
Slickensided — Visuol evidence of polishing exists
Planor — Fiot shoped discontinuity surface
Undulont or unevenly shaped discontinuity surface

GENERAL BEDROCK DESCRIPTION

ond thin to medium bedded.

Bedrock ot the Soo project is sondstone of the lote Precombrion-aged Jocobsville Sandstone Formation. For engineering purposes this formation
has been clossified into four mojor members. These members includes Hord Sandslone, Moderately Hord Sondstone, Weothered Sandstone ond
Shaly Sandstone. Wilhin these sandstone members ore thinner seoms of clay, cloystone ond shale.

Hord Sondstone member is typically light groy, light red or light purple with few light groy reduclion spots, hord to very hord, fine to medium
groined occasionally cross bedded ond medium to thick bedded.

Moderately Hord Sondstone member is typicolly red with few to numerous light gray reduction spots, moderately hord, fine to medium grained

Weothered Sondstone member is lypicolly red with numerous light groy reduction spols, moderolely hord, fine to medium groined,
moderately weothered ond thin bedded.

Sholy Sondstone member is lypicolly red to dark red with light groy reduction spots, soft to moderately hord, fine groined and thin bedded,

BEDROCK SYMBOLS
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Ner vmvn?hpoﬂ-cln lor
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FIELD IDENTIFICATION PROCEDURES FOR FINE-GRAINED SOILS OR FRACTIONS

These procedures are 10 be perlormed on Ihe rinus No. 40 sieye size porlicles. opprosinolely 1764 in. lor lield clossilicolion purposes.

screening is nol inlended. simply remove by hond Ihe coorse porlicles Ihal inferlece wilh Ihe lesls.
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NUMBER AND TYPE OF EXPLORATIONS

@6»50¢le90®©©eoo

®

DESIGNATION
Core hole in bedrock

Disturbed somple boring

Borin? with disturbed sampling
in soil and coring in bedrock.

Undisturbed sample boring

Core hole in bedrock, hydraulic
pressure tesied

Indicoles ongle boring
ond direction

Boring with Piezomeler
Proposed Exploration

Test Pit in oyerburden

Test Trench in_oyerburden
T-98-6). soils classified
ol stationing as shown (135 feel)

Disturbed Somple Boring with Piezometer
Washbored

Cone Penelromeler Hole
Boring with [nclinometer

Boring with_disturbed somglmqpin soil
ond coring in bedrock, wil

Boring with_disturbed som, J)lmg in soil
ond covm? in bedrock, and hydraulic
pressure fested.

Boring with dislurbed sompling in soil
ond coring in bedrock, hydraulic pressure

Undisturbed sample boring with Piezometer

iezomeler.

SS - HARD SANDSTONE

§§ - MODERATELY HARD SANDSTONE

Sws - WEATHERED SANDSTONE SH - SHALE CON - CONCRETE

[T NN

EE - SHALY SANDSTONE CLS - CLAYSTONE LS - LIMESTONE

GRAPHIC LOG OF BORING
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EXHIBIT 11-4

GRAPHIC LOGS AND BORINGS



LRH Form 1836.dgn 8/21/2006 10:37:57 AM

DIVISION INST ALL ATION SHEET 1
DRILLING LOG ; ; EC-
L Great Lokes ond Ohio River CELRH-EC-G of 2 SHEETS
1. PROJECT 0. SIZE AND TYPE OF BIT Y
Dover Dam 15 DATUM FOR ELEVATION SHOWN (TBM or WSL)
2. LOCATION (Coprdinates or Statlon) NGVD 1920
Chio 12. MANUFACTURER'S DESIGNATION OF ORILL
3. ORILLING AGENCY
Unknown Unknown
- 13. TOTAL NO. OF OVER- :DISTURBED {UNODISTURBEO
4, HOLE NO.(As shown an drowing titis BURDEM SAMPLES TAKEN ! '
and Fie fumber) : _G-4 0
o € OF DRLLER 14, TOTAL NUMBER CORE BOXES 2
Keony Qlsen 15. ELEVATION GROUND WATER §/73 9
6. DIRECTION OF HOLE STARTED “COMPLETED
5. DATE HOLE .
(KIVERTICAL [CINCLNED 0 CEG.FROM VERT. 11-19-82 12-02-82
17. ELEVATION TOP OF HOLE RB72.3
7-_THICKNESS OF OVERBURDEN (0.0 Feet 18. TOTAL CORE RECOVERY FOR BORING 99.7 *
8. DEPTH DRILLED INTO ROCK 14 3 Feel 1o, WAME OF NSPECTOR
9. TOTAL DEPTH OF HOLE 371 Feet Jerry Ballard Jr.
% CORE [BOX OR REMARK S
Ul F MATERI e .
ELEVAMON | DEPTH | LEGEND CLASSIHC(?J:s?:rNry?mJ s T RV IR T L S L A vl AL
a b ¢ 4 a. 9
1 CONCRETE: Moturol gravel -
= aggregote, -
— Rounded 2 inch maoximum I
] diometer gravel. [
] 0.2' Zone of poorlé/ cemented -
] cggre%ctEs at B76.2 l—
— td "876.0. —
= 100% Drillrecovery in concrete[”
5 Concrete retoined for recard [
see G-5 Boxes A&B -
_ —
. L.
7 -
. -
4 con [
_ -
862.3 07
LRH FORM 1836 PROJECT HOLE NO.
MAY 04 _Dover {}om. Ohio —G-4




HAY 04

Dover Dem Gallery

DRILLIN ( y |ELEvaTION TOP OF HOLE )
G LOG (Cont Sheel 8872 3 Hole No G-4
PROJECT INSTALLATION SHEET 2
Dover Dam Gallery HUNTINGTON DISTRICT OF 2 SHEETS
i conz@ DR REMARKS.
ELEVATION | DEFTH | LEGEND CLASSIFICATION OF MATERIALS .
(Dasprion) RcE%c\rrv s.qxgu.s rorwrorg’ .;r;:m f,;’,;,}’,'.‘::;,\'
| ° b ¢ d bl ! L]
. CONCRETE: {(Continued) ~
J con -
860.5 |21.8 " Began Coring -
—1 Rec ——
n 100¥% -
859.5 |22.8 T_°P ol Rack Good concrete to rock bond. [~
— SHALE: Silty. moderately hard —
- dark gray. rroderotely.fo hl%hly Porting in Shole 0.05'
7] fissle “with numerous “fine, light below Concrete/Rock
- graoy sandy lenses. cantoct, r
—:1 0.5 unweothered, severely =
broken high o %Ie frocture
. from 859.4'-858.9', E
pE— —
] Loss t'_
7 0.0 -
. Rec -
— 100 -
1 SH C
] 1 B
T Loss -
-] 0.0 .
- Rec —
n agx =
849.2 |331-1 —
" LIMESTONE: Hord, dork gray C
- fossiliferous, thick bedded. [
- _
3 s Loss .
! 0.1 =
- Rec -
_ 100x il
. 2 =
. Loss —
8452 [37.1— 0.0 [
. Bottom of Hole :
7 -
-1 [
= -
] —
] -
LRH FORM1836-A PROECT HOLE NO.

G-4

LRH Form 1836.dgn 8/21/2006 11:23:05 AM




DIVISION ) . INSTALLATION SHEET 1|
DRILLING LOG  |Greot Lakes anc Ohia River CELRH-EC-G oF 2 SHEETS
1 PROJECT W. SIZE AND TYPE OF BIT Y
Dover Dam . DATUM FOR ELEVATION SHOWN (TBH or #5L)
2, LGCATION (Coorginales or Station) NGVD 1929
Ohio 12. MANUF ACTURER'S DESIGNATION OF ORILL
3. DRILLING AGENCY
Unknown Alngl nown -
- 13. TOTAL ND. OF OVER- “DISTURBED “UNDISTURBED
4. HOLE NO, (As stown on drowleg fitla . BURDEN SAMPLES TAKEN - 0 N
and fiie rumber) : G-5
5. NAE OF ORALER M. TOTA. NUMBFR CORE BOKES o
Kenny Qlsen 15, ELEVATION GROUND WATER 877 1
6. DIRECTION OF HOLE "STARTED "COMPLETED
16 DATE rovt 12-08-82  12-09-82
(KIverTicA, (ImcLweD 0 DEG. FROM VERT. . .
7. ELEVATION TOP OF HOLE 8§23
7. THOKNESS OF OVERSLRDEN p g Feet 8. TOTA CORE RECOVERY FOR BORNG 99.5 «
B. DEPTH ORILLED WTO ROCK 89 Feet . WAME OF NSPECTOR
9. TOTA, DEPTH OF HOLE 422 Feet Jercy Ballard_Jr.
% CORE |AOX OR REMARK S
MATER! ~
ELEVATON | DEPTH | LEGEND o TR REEQH|SLE | 0Lt e,
° b [ ] 6. f. 9
- CONCRETE: Moturadl, rounded =
- gravel aggrecote up to 3 inch C
T moximum  diometer. I
- C
— |
—_ 100% Dritrecovery in -
- concrete, -
- Concrete cored gnd -
] duscorded from B82.3' -
- to B515% —
- Concrete oppeared lo be -
= satisfoclory by visual —
] observation with no loss —
m recarded. :
— -
-] CON -
- -
- -
] —
T -
862.3 120.0 7 L
LRH FORM 1836 PROJECT HOLE NO.
MAY 04 Dover Dam, Ohio G-5

LRH Form 1836.dgn 8/21/2006 10:38:50 AM



MAY 04

Dover Dam, Ohio

—FOLE NO.

DRILLING LOG (Cont Sheet) [FLEYATION 0P OF HOLE Hole No.
882.3 G-5
PROJECT INSTALLATION SHEET 2
Dover Dam Galler HUNTINGTON DISTRICT OF 2  SHEETS
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS gsgg?rg 2%982 rtiing et foss. dapth of
N mmrquv ERY NO, wanttering, afc_ If sfgr;ﬂ' foord}
o [ < . 1 ')
— CONCRETE: (Continued) -
— CON -
__‘ Cancrete, see G-5, Box C —
] 25° cold joint & 854.1 [T
8515 |30.8 7 Began Coring -
—] Rec —
] 1007 -
] Open at concrete to -
849.0 |33.3 Top of Rock rock contact. -
— LIMESTONE: Hard, dork gray =
T fossilferous, medium to “thick ™
] bedded. =
3 0.8' unweolhered, near verlical -
7 frocture 847.3 to B46.5 -
-1 0.6' open, stained, high angle Loss -
- Ls fraclure B846.4 ta B45, 0.0 -
n . Rec C
— Open beddn lane with same ; -
] Sroui coutiggpot B45.8 964 —
=] 1 -
- 0.2' open, low angle frocture -
- with groul coating ot 845.6 -
T G(rodotionol E:onttaq‘thot 8“1()9.0 —
] open canfact with roc [
8445 1378 ne?ct parting 847.0 -
- SHALE: Soft to moderatly hard, -
- clayey, very dark gray, highly —
] figsle. —
— Unweathered, low ongle joint —
. at Ba3.8 [
] sH I
4 0.2' Braken z2one along -
— fraclure with 0.2'less ot o
- 842.4 to 842.0 -
. Gradational contact between || psg -
8412 [41.1.~] Shale and Siltstone, 0.9 —
- SILTSTONE: ,Moderotlef hard, Rac —
h ray, sondy in zenes, thin 1004 —
_] 5LS edded. Loss -
840.1 M2 21 Q. _'
- Bettom of Hole _
LRH FORM1836-A PROJECT

G-5

LRH Form 1836.dgn 8/21/2006 10:39:30 AM




DIVISION ] ) INST ALL ATION SHEET |
DRILLING LOC  |Great Lakes and Ohia River CELRH-EC-G OF 3 SHEETS
1. PROJECT 0. SIZE AND TYPE OF BIT Y
Dover Dom M, DATUM FOR ELEVATION SHOWN a8 o USU
2. LOCATION iCoorginatas or Stotion) NGVD 1929
Ohig 12. MAMUFACTURER'S DESIGNATION OF DRILL
3. ORILLING AGENCY
Unknown Unknown
—=0x00 13. TOTAL NO.QF OVER- "DISTURBE( "UNDISTURBED
4. HOLE NO. ‘as s-’n!-'l on drowing e BURDEN SAMPLES TAKEN N B
o fHe aumber G-6 0
5. NAME OF DRILLER 14. TOTAL NUMBER CORE BOXES 0
Kenny Olsen 5. ELEVATION GROUND WATER B7(.0
6. DIRECTION OF HOLE 16. DATE HOLE "STARTED "COMPLETED
X VERTICAL (I mcuvep 0 [EG. FROW VERT. . 12:08-82 12-15-82
17. ELEVATION TOP OF HOLE RR2.%
JJ- THCKNESS OF OVERBUROEN Qp.g Feet 16. TOTAL CORE RECOVERY FOR BORING g8.6 «
B. DEPTH DRILLED INTO ROCK 17 4 Feet 19, MAME OF WSPECTOR
9. TOTAL DEFTH OF HOLE 53,7 Feet erry Ballard Jr.
SEICATION OF WMATERIALS Reotu- | SaNPCE REMARKS
ELEVATION | DEPTH | LEGEWD CLas (gmmo,:m n ERY NG. mr““"g 'rzqm-.'et;o.“{f ao;‘;r:lfidgg::‘) ot
. b B 4 a. ¥. qQ
CONCRETE: Matyragl, rounded I~
N gravelaggregole up to 3 inch -
] maximum” dicmeter. -
] 100# Drill recovery on .
— oll Concrete. [2
- -
. No unusuolbrgken zones. =
— Cancrete cored ond -
R dlsco:gdtfed Bfrso2 b ~
— 882 o t_
m —
= CON [
— -
— —
—_ —
— —
- -
- —
— __
— -
862.3 [20.0 ~
LRH FORM1836 PROJECT 'HOLE.NO.
MAY 04 Dover Dam, Chio G-6

LRH Form 1836.dgn 8/21/2006 10:40:14 AM




MAY 04

DRILLING LOG {Conl Sheet) [F-EVATION TOP OF Hole 8823 Hole No. G-g
PROJECY leSTALLATION SHEET ~ 72
Dover Dom HUNTINGTON DISTRICT OF 3 SHEETS
# CORE [BOX OR EMARK'S
ELEVATION | OEPTH | LEGEND CLASSIFICATION OF WATERIALS .
s o e | e Sy
a b < d 1]
- CONCRETE: {Continued)
. [
3 con :
§52.7 129.6 Began Coring F
— CONCRETE: MNatural sediment Rec —
-] aggregale, some vuggy zones. |[100X —
= -
] Open ot Contact (core spun} -
- Next porting 84B.4 -
848,5 [33.8 7 Top of Rock Lass o
— LIMESTONE: Hard, dark gray, - .
— fosslliferous, medium bedded. Rec =
. 96/ =
= ' -
3 s n
843.8 |38.5 ] -
3 SHALE: Moderutei?r hord to Loss -
] hard, dark groy cloyey, thin 0.2 -
i bedded, highly ‘figsle. Rec ~
- Fraclure, oEen plcmar smoo(h 100 -
I su fram B43.0'la -
] Vertical frocture, open, rough
- wregulor from f2.2' 9 E
8408 41.5? -
m SILTSTONE: Moderately hard to [
- hord, gray, thin bedded, with -
— Sholy Zones und zones of fine -
- grained Sandstone. [
_7] sLS 0.4' Shale, ¢ oney, -
3 groy at B385 to 8381 -
2.5' Sondstane, sitly, ot 838.1 ||Lpss -
838.3 | 44.0 0.0 "
LRH FORMI1836-A PROJECT HOLE NO,

Dgver Darn, Ohio G-6

LRH Form 1836.dgn 8/21/2006 10:44:21 AM




ELEVATION TOP OF HOLE

]

MAY 04

Dover Dam, Ohio

DRILLING LOG (Cont Sheet) 882.3 Hole No. G-6
PROJECT INSTALLATION SHEET . %
Dover Dom HUNTINGTON_DISTRICT oF 3 SHEETS
ELEVATION | DEPTH | LEGEND CLASS‘F‘C%TSE';‘, #?F JMATERIALS 2:%855 3259‘32‘ (Or e i wetas oss, dapth of
) ‘ o ERY NO. wedltering, slc, IF signficont)
) ) e 4 . J e |
SILTSTONE: (Continued) e -
3 Thin bedded, maderately N/A t
] ltzrolé%ns Iror'r'l 838.5' L
] Q .
. SLS Recovery doto not recorded. E
] =
8356 1467 -
2 SILTSTONE: Moderotely hord, —_
-] sholey and sandy gray,
- moderolely flssle with thin -
— sondstone” zones. -
] 0.5' Sondstone, fig., ot B34 .4 2 I
-] to 833.9 -
. Moderotely broken ond thin C
- bedded from B31.7 —
. to 831.4 -
35S Severely broken, crushed to E_
— gravel'ond pebble sized
-1 ieces from 830.6¢ -
7 o 830.% -
1 -
[
i Loss _
8301 152 7] N/A —
i Bottorn of Hole [
— -
— —
1 ™
-—1 —
— —
T -
] =
= =
— -
— —
- =
. -
B 7 -
LRH FORMI836-A [PROJECT HOLE NO. o6

1983 Borings.dgn 11/15/2006 8:10:41 AM




L

-

DIVISION INSTALLATION SHEET
DRILLING LOG o Ri !
Greot Lakes and 70h|o River CELRH-EC-G oF 3 SHEETS
1. PROJECT Bover Dorn 10. SIZE MWD TYPE OF 81T |mpregnioted and Digmond NX
—j"‘ OATUM FOR ELEVATION SHOWH TBM or MSL)
2. LOCATION rc:zro:fmms o Statlon) NGVD 1929
Ohio 12, MANUFACTURER'S OESIGNATION OF ORILL
3. ORILLING AGENCY
Unknown TR - Llaknow:
13. TOTAL NO. OF OVER- "DISTURBED "UNDISTUR
4, HOLE NO. (A5 stown on drawing Hife j BURDEN SAMPLES TAKEN BE M NOSTURBED
ond flig number) G-7 Q
PR 14, TOTAL NUMBER CORE BOXES 5 ]
&nﬁ[ O|50n 15. ELEVATION GROUND WATER 8740 - 87]4 _‘
. DRECTION OF HOLE 6. DATE HOLE "STARTED ‘COMPLE TED
[ vertica (9 weLmen _20° S 70 W _ beg. rrow verT. L0183 01-14-83
17. ELEVATION TOP OF HOLE 882 3
7. THICKNESS OF OVERBURDEN pp ) Feet 18. TOTAL CORE RECOVERY FOR HORNG 98,7 #]
8. DEPTH DRILLED NTO ROCK 33 5 Feet 5 waase oF EFECTOR ]
8. TOTAL DEPTH OF HOLE 61.1  Feel Jerry Ballard_Jr,
% CORE |80X OR REMARKS
CLASSIFICATION OF MATERIALS RECOV-|sampL . .
ELEVATION | DEPTH | LEGEND ﬂ“mch’.d’l‘ﬂnl ECR\' N{D. E mr-i-'cl'vlr:?rl'n‘; u;.a.‘"lrf I:i'q’nrff"cg-:pl o
o 3 < -1 .

g

and some cnert

CON

IIi!LLllIJ_L[‘Il(iiJ_L[llH!J_LlilI|LiliILLIIiJ_IJ]IIILLiI}UjIIJ_III]il'lUl!lJJIfliJI|LIII!JI_I_I]IJ_I1

863.5 [20.0 7

d
CONCRETE: Pea grovelaggregote

ragments.

Concrete wos cored ond
discarded from 882.3'{o
850.4".

il‘lTilll_l!H—rlll{[TIlll¥(lill‘l1l!‘ll—l—r|llﬁillillIlli—l_ﬂIITFIH_[_H\IllTIIiITIIirIIIITITI]H—IIIWH

||

LRH FORM1836G PROJECT 'HOLE ND.
WAT 04 G-7

~Dover Dam, Ohig

LRH Form 1836.dgn 10/10/2006 2:21:17 PM



DRILLING LOG (Cont Sheety [FLEVATON TP OF HaLe Hole No. .7 T
PROJECT . INSTALLATION SHEET
Dover Dom. Ohio HUNTINGTON DISTRICT o 3 ers
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS o [Box o (Orlting o BRKS
. . m”‘:'” oot ERY NP.L e By m Wmﬂ)
a L)
— CONCRETE: (Continued) [
- -
- o
= [~
. =
3 |
——] CON -
= —
3 -
- —
= -
50.4 | 34.07 Begon Coring -
_ Concrete retoined from Rec [
- 850.4'to 848.7 1007 . —
m Core digmeter loss to 849.8' |-
848.7 35.3: Top of Rock E
- LIMESTONE: Dark gray to block, -
— hard with laminated seams, -
. fossiliferous. —
— Severely bragken zone from .
] B45.9°tc 8455 -
-1 85" froclure, rough ond =
7 |rregulor from B45.9'fo —
7 LS 84 Loss -
] Rec [
— 967 =
- . -
844.2 1405 2 -
: SHALE: Block, moderately hard. E_
= Severely broken, crushed, -
] ond wealhered zone with -
- multiple open bedding plones —
—1 and incipient fractured zone .
s oppeors to be pulverized -
-] SH with pieces the size of -
e ebbles und smoll gravel from -
_3 42.0'to 8 —
- Loss
] 53 -
409 [44.0 -
LRH FORM1836-A PROJECT . HOLE HO.
MAY 04 Dover Dam, Dhio G-7

LRH Form 1836.dgn 10/10/2006 2:26:01 PM




MAY 04

Dover Damn, Ohio

ORILLING LOG (Cont Sheet) [ELEVATION TOP OF Hote B82.3 Hole No.  g.7
PROJECT ) NSTALLATION SHEET 3
Dover Dom, Ohio HL!NIL%E}N_MSIBI.CI JOF 3 seets
ELEVATION | DEPTH | LEGEND CLASSFICATION OF MATERIALS ézgg?f g%?fg Dt 1ma wober ot ot of
1Dascriptiond ERY NO. wact/oring. ofc. !if sigafficont)
o L] T d . r Q
8409 [44.0] SILTSTONE: Sandy, dark gro Rec
— into groy, moderadtely hard fo 1007
| hord, sondier with depth, -
- Severely broken and —
~ fractured with mulitpte t
-1 high angle fractures and -
] cpen bedding planes 0.02° -
] spacing belween from —
. 835.310 8335,
4 833.2'to BI2.6', -
— 832.2'tc 830.8', =
—] B30.6'to 830.7, —
E cire ey g
7' .3
. 826.5'1c 8249 Loss C
3 Rec L
. 967 -
E =
- sis -
] Loss :
-] 0.2 -
] Rec L_‘
. 984 -
— [
- 2 -
. -
. =
3 Loss -
T D.1 —
d Rec -
] 100 -
‘t -
7 Loss —
824.8 |611— 0.0 —
_ Bottom of Hole -
3 =
3 =
- -
LRH FORM1836-A PROJECT HOLE NO.

G-7

1983 Borings.dgn 11/15/2006 8:11:22 AM




DIVISION
DRILLING LOG Great Lakes and Ohia River

HSTALL ATION
CELRH-EC-G

SHEET 1
OF b SHEETS

PROJECT
Dover Dom

~

. LOCATION (Cogrdinafes or Station!
Ohio

10, SIZE aND TYPE OF BIT NX

1. DAFUM FOR ELEVATION SHOWN
NGVD

T8 o WSU
1929

3. DRILLING AGENCY
Unknown

12, MANUFACTURER'S DESIGHATION OF ORILL
Unknown

4. HOLE NO. (s stown on drawing tHla
ond flie number) G-8

5. HAME OF DRILLER
Kenny_ Qlson

13, TOTAL ND.DF OVER- ‘ISTURBED -UNDISTURBED .

BURDEN SAMPLES TAKEW

0

14. TOTAL NUMBER CORE BOXES

2

15. ELEVATION GROUND WATER 872 7 . §70.3

6. DIRECTION OF HOLE

O] vermicaL 3 MeLivep 207 S 7D° W peg. FroM vERT.

16. DATE HOLE (STARTED

MPLETED

-COl
01-17-83 01-21-B3

7. THICKNESS OF QVERBURDEW () ) Feet

17, ELEVATION TOP OF HOLE  R§D.3

8. DEPTH DRILLED INTD ROCK 25.9 Feet

18. TOTAL CORE RECOVERY FOR BORING g8 2 ¥

9. TQTAL DEPTH OF HOLE 62.2 Feet

19. NAME DF MNSPECTOR

Jerry Ballard Jr.

% CORE |BOX OR REMARKS
AT T | i
ELEVATION [ DEPTH | LEGEND CLASS'F'C;:;&*”DF MATERIALS REEcRuTv s.wp.l_: OriLling tine. woter ose. dsom of
[] b c a. . Q
— CONCRETE: Peo ?rovelc gregote -
7 and some chert fragmenis -
— __
haa Concrete oppeared to be —
. solisfactory b{ visual C
- abservolion with na loss ..
- recorded. -
- Cancrete was cored and L
B discarded from 882.3'to _
. 849.7', -
- CON ~
. =
: -
- —
— —
. -
— -
] -
863.5 120.0 7 -
LRH FORM1836 PROJECT ] HOLE NO.
MAY 04 Dover Dam, Ohio G-B

LRH Form 1838.dgn 10/10/2006 2:27:25 PM




MAY 04

Dover Damn, Ohio

'| ORILLING LOG {(Cont Sheet) [F-EVATION TOP OF HOLE g0 o Hole No. g-8
FROJECT . WS TALLATION SHEET @
: Bover Dom, Dhio J HUNTINGTON DISTRICT o 3 sEErs
ELEVATION | DEPTH LEGEQ CL*SS"'C%T‘LU*‘, oF JMATERIALS ?’;53335 g%Pfg (Orliltng Hrg. rofkasn.r dnptty
. . . ' ”:" = €RY | wo. wecterirg, e, sigicont
- CONCRETE: (Continued) | =
-1 —
ﬂ_ -
] ~
] -
1 -
- -
a— i
. -
— coN —
. -
— —
7 -
= 3
. -
- il
497 [34.7 3 Begon Coring —
T Rec
7 1007 —
B48.2 |36.3 - Top of Rock [
3 LIMESTONE: Dark groy to black, -
. hard, thin bedded with lominated L [
_— seoms, fossiliferous, 5’%5 —
. Rec —
] 1007 -
] LS -
- -
- ! -
3 =
8439 |40.9 7 o
SHALE: Block, moderctely hard. —
. Badly broken_zone from -
. 839.9'to 839.7 -
— Loss [
- 0.05' grout seom ot 8437 Q.0 -
= SH Rec -
] 98/ -
— "
841.0 | 44.0 -
LRH FORM1B36-A IPROJECT HOLE NO.

G-8

LRH Form 1836.dgn 10/10/2006 2:27:54 PM




ELEVATION TOP OF HOLE

DRILLING LOG (Cont Sheet) BB2.3 Hole No. -8
PROJECT - INSTALLATION SHEET 3
Dover Dom, Ohio HUNTINGTON_DISIRICT 3 sheeTs
ELEVATION | PEPTH | LEGEND CLASSIFICATION p,?r JHATERIALS ;sgg?f- g%?fg (Driting i et o dopth of
' e ERY | NO. weatteslng, . If slgnif loont)
e b < d . 1 v
. SHALE: (Continued) [
— SH -
8403 [44.9 | C
1 SILTSTONE: Sandy, dark groy —
- into gray moderately hord o [
- hard, sond content increases [~
~ with depth. -
‘—3 Portlially weathered and ! -
- broken zone from B40.3 [
— to B39.Z Loss o
—] 0.1 .
. Rec -
H 967 -
— L
u Loss =
3 0.2 —
— Rec -
. 98/ C
~ -
- sts E
. -
- 2 E
4 Loss -
s 0.1 -
— Rec -
. 98% t
. u
- Loss :_
823.9 62,5 01
- Bottomn of Hole [~
j -
3 =
] -
-A PROJECT . HOLE NO.
U:E EPRM 18.36-A 9 Dover Dom, Ohio G-8

1983 Borings.dgn 11/15/2006 8:11:59 AM




4. HOLE NO, ids stown on drowlng itk
and file rombar)

[ DIVISION L INST ALL ATEON SHEET 1
DRILLING LOG Great Lakes ond Ohio River CELRH-EC-G OF 3 SHEETS
1. PROJECTY 10. SIZE_AND TYPE OF BIT px
Dover Dam . DATUM FOR ELEVATION SHOWN TBW o W50

2. LOCATION fCordingles or Statigal NGVD 1929

—Qhio 12. MANUF ACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY

Unknown  « 0
: —#3. TOTAL MO, OF OVER-

‘DISYURBED
BURDEN SAMPLES TAKEN ! [}

‘UNDISTURBED OT

5. NAME OF DRILLER

__Kenny Olsen
6. DIRECTION OF HOLE

O vertica M mcuveo 20° S 70° W oe. FrROM VERT.

4. TOTAL NUMBER CORE BOXES 2

15. ELEVATION CROUND WATER 870.7 -869.8

7. THCKNESS OF OVERBURDEN gp o Feet

| B 0ERTH ORILEC W16 A0S o5 o Feet

6. DATE HOLE "STARTED COMPLETED
:_01-24-83 01-28-83

17. ELEVATION T0P OF HOLE gR9 3

1B. YOTAL CORE RECOVERY FOR BORING 95.3 «

19. HAME OF INSPECTOR

9. TOTAL DEPTH OF HOLE 60.2 Feet Jerry Ballgrd Jr,
) ‘% CORE |BOX OR REMARKS
Bzvnmu DEPTH | LEGEND a.asyncwuc{)ur”unmms REECF?‘IYD swg}g ‘D'-'.'Jc'n"ﬁ-u'.-f;?'.w"f.“ﬁ ons,  deptn of
a b c d -8 +, )
CONCRETE: Pea grovel =
3 aggregate. —
. Drilleg throu%h rebar .
é\ 172" 0.0, & B81.4' |
3 3
- -
= —
. Orilled through 0.5" metol —
late ot 876.7' Extremely —
.ﬁcrd to drill chor:Jge from —
] impregnated to diomand bit I:
to penetrate, 30 minutes to |-
-i drill through. —
Z -
= Concrete cored ond [~
. discorded from 882.3 [
n to 853.5. =
E -
~ CON il
- -
= [
] -
— [
3 I
I —
i =
- -
E -
j =
863.5 07 .
LRH FORM 1836 PROJECT ) Fmt O,
MAY 04 Dover Dam, Ohio G-9

LRH Form 1836.dgn  10/10/2006 2:49:12 PM




DRILLING LOG (Coni Sheet) (E-EVATION TOR OF HOLE 882.3 Hole No. G-9
PROJECT . . INSTALLATION ) SHEET 2
Dover Dom, Ohio HUNTINGTON DISTRICT IF 3 s
# CORE [BOX OR AGKS
ELEVATION or_:'ru LEGEND CLES'F'CI%D,D,;J“ATE‘“‘LS REECROYW 5':‘;'-5 o rﬁ?ﬂ %‘ﬁﬁf
- < d L]
- CONCRETE: (Continued’
. -
] -
= =
— —
7] CON C
= =
8535 [30.72 Began Coring C
= Rec -
- 100% —
= Storled retoining core .
-~ ot elevation 850.1 -
]
1 C_
48.8 [356 ] Top of Rock S -
— LIMESTONE: Dark gray, hard, eC —
—] fossiiferaus with lamingted ai7 -
7] seoms. =
dLs ’ E_
— 1 =
844.9 |39.8 1 -
— SHALE: Black, moderately hord —
— with some weathered and —
1 broken zones. [~
- Moderately broken from Loss -
- B44.4't0 8434 0.5 E
= Vert'ccl frocture, gpen, rou S:‘j -
T plonar frorm 8438 fo 8 3 7 t -
7 SH Moderately broken from _
- 843.4' 10 342.% E_
— Moderotelg broken thnn bedded -
n from B842.5'to 840.2' -
8410 [44.07] -
LRH FORM1836-A IPROJECT , HOLE MO,
MAY D4 Dover Dom, Ohio G-9

LRH Form 1836.dgn 10/10/2006 2:49:42 PM



MAY 04

Dover Darn, Ohio

ORILLING LOG (Conl Sheet) [FHEVATION TOF OF HOLE 8823 Hole No. ¢_g
PROJECT i INSTALLATION SHEET 3
Dover Dom, Ohio HUNTINGTON_DISIRICT JOF 3 upeTs
¥ CORE |BOX OR KS
eLevaTion | peetH | Legeno CLASSIFICATION OF MATERIALS -
pRb nE&gv SA:Ig.LE rm.v.»zrm? m %.;N deoth of
o L3 < d . T
_ SHALES (Continued) L
] SH -
840.7 144.8 Evidence of rechonical spin -
=] ot B41.9' —
- Care diareter lass fram -
— B4ll'to £41.0 Loss I~
] 0.3 1 .
— SLTSTONE: Sandy, dork gra Rec =
-] into gray, maderolely hard fo 967 -
1 hard, sondier with depth. -
3 Vertical fracture, open, planar -
rough from 57 [
] to 835.4" ol
] [~
-] Loss -
] 0.2 -
] Rec —
- 947 -
3 sis -
= 2 -
— Loss __
- Rec Broke 5'barrel. Used =
— 3% shori barrelfor the -
-] remoining port of the hole. [
— Loss _
] 0.1 -
Rec —
'3 1007 [
] Loss -
_ 0. -
-] Rec -
. 1007 [~
_ Loss -
253 160.7 - 0.0 -
3 Bottom of Hole [
- —
. -
LRH FORM1836-A PROJECT HOLE MO.

G-9

1983 Borings.dgn 11/15/2006 8:12:50 AM




DIVISION ] INSTALLATION SHEET |
ORILLING LOG  |Great Lokes and Ohio River CELRH-EC-G OF 3 SHEETS
. PROJECT 0. SIZE AND TYPE OF BIT Y
Dover Dom T, DATUM FOR ELEVATION SHOWN TBU or WSU
2. LOCATION (Coordingtes or Stotiont NGVD 1929
Ohio 12. MANUF ACTURER'S DESIGNATION OF DRRL
|| 3. ORLUNG AGENCY
Unknawn Unkngwn -
: 13. TOTAL NO.OF OVER- ‘GISTURBED ‘UNDISTURBED
4. HOLE NO. t4s staen o drowing thls  : BURDEN SAMPLES TAKEN :
ond flia ramber} : G-10a 0
5. NAME OF DRLLER M. TOTAL NUMBER CDRE BOXES 2
Kenny Oison 5. ELEVATION GROUND WATER 63.3 - BE2.9
6. DIRECTION GF HOLE 6. DATE HOLE "STARTED ‘COMPLETED
O veanca ) mncuned 20° S 70° W oec. From veRT. . 02-07-83 02-08-83
: 17. ELEVATION TOP OF HOLE  B8E . 3
7. THICKNESS OF OVERBURDEN Q.0 Feet 8. TOTAL CORE RECOVERY FOR BORING 978 7
8. DEPTH DRILLED TG ROCK 25 7 Feet 19. NAME OF INSPECTOR
9. TOTAL DEPFH OF HOLE 65.1 Feet Jerry Bollord Jr.
% CORE [BOX DR AEMARKS
Y RI ~| it N .
ELEVATON | OEPTH | LEGEND T SRy SUBLE | omigd it Moo T, 0 S5
o b c d & f. q
] CONCRETE: Peo grovel -
— qggregole ond some chert ~
— fragments. -
— —
7 -
J _
- con E
] Concrete cored gnd -
- discarded from B8B8E6.3 -
] to 850.7'. =
- [
I [
- -
3 =
- -
B67.5 120.07] .
LRH FORM1836 PROJECT HOLE NO.
_ MAY 04 Dover Dom, Ohio G-10g

LRH Form 1836.dgn 8/21/2006 10:52:59 AM



DRILLING LOG {Cont Sheety [ELEVATION T0P OF HOLE o 4 Hole No. .16
PROJECT i INSTALLATION SHEEY 7
Dover Dom, Ohio HUNTINGTON_DISTRICT o 3 sHeErs
ELEVATION [ DEPTH | LEGEND CLASSIFICATION OF WATERIALS écgg?}- E%PE? (ori m..'f',‘.'.“a?fr"fﬁu. dgth of
tQserigtiont cry | ND. weathoring, ot If signiflcont?
o L3 3 L] - t [
- —
] -
-~ con —
] -
= u
507 [37.9 Begon Coring i
] | Rec
j 1007 -
8494 [39.3 1 Top of Rack [
. LIMESTONE: Dark gray to —
] block, hard, fossiferous, with I
— thin laminated seorns. -
— Moderotely broken from t
. 846.2' t6 345.9' a
] 56° fracture, ogen planar, 1 -
-1 Ls _rough from 845.8"to B45.5" -
-] Loss -
] 0.0 —
] Rec -
- 100 -
450 439 -
LRH FORMIB36-A PROJECT . HOLE ND.
MAY D4 ) Dover Dam,‘ Ohio G-10a

1983 Borings.dgn 11/15/2006 8:33:55 AM




DRILLING LOG (Cont Sheet) [F-EVATION TOP OF HOLE 886.3 Hole No. o oo
PAOJECT . INSTALLATION SHEET 3
h
| Qover Dom, Ohio HUNIINGTON_QISIRICT o 3 seeers
ELEVATION | DEPTH | LEGEWD CLASSIFICATION OF WATERIALS :eggg g%p?? (Briting o dopih of
ascription) ERY NC. wedtfering, elc  sigafficond) -
o b € d B L] i
- SHALE: Black, moderately hard. =
3 Bodlé weothered zone from E
3 Bodla\: brok en zone from -
: g'lo =
SH -
__‘ Yerticol frocture open planor, =
. smaoth (rom B44 Loss -
. to 8442 0.0 -
— Severely broken from Rec —
. 8434710 842 6 1007 =
7 Thin bedded, maderately =
- t:'rc-lluanf wdth mult%ple hi h41 - —
407 lag s ?ggBe4Orgc ures from -
_— SILTSTONE: Sondy, groy, -
- moderately hord, sendier -
— with depth. -
— 55° frocture, o en glonor, —~
] smooth 1r0m -
- to 8 -
-1 Groul coated bedding plone -
] at 829.% -
] Severely troken from Lo%s -
3 829.0°1c 828.2° oo -
_ 96% ™
= 1 E
] Loss [~
1 sts §&5 =
= -
= -
. Loss
- 0.1 -
— Rec —
- 914 C
wjﬁ —
- Loss -
251 165.1— 0.3 o
T Bottom of Hole E
- -
- \ £ NO.
LI:E:\-\!r 0F40RM1836 A PROJECT 1 e Darm, Ohio HOLE NO. 100

1983 Borings.dgn 11/15/2006 8:13:32 AM




DIVISION . . INSTALLATION SHEET 9
DRILLING LOG  [Geagt Lakes_and_Qbio_River CELRH:EC-G oF 3 sueers
1. PROJECT 0. SIZE AND TYPE OF BIT Y
Dover Dam 1. DATUM FOR ELEVATION SHOWN TBE ar WS
2. LOCATION (Coordiaies ar Stoffon) NGVD 1929
—Ohio 12, MARUFACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY U
Unknown
; TS TOTAC NO-OF UVER-— -DISTURBED ‘UNDISTURBED
4. HOLE NO./{As smwn on drowing fitie BURDEM SAMPLES TAKEN | 0 :
ard fite rumter) ~G-10
5 NAME OF DRILLER 14. TOTAL NUMBER CORE BOXES 3
Kenny Olson 15. ELEVATION GRDUNO WATER [jnknown
6. DIRECTION OF HOLE 6. DATE HOLE "STARTED COMPLETED
O vermica (0 meuneo 20° West peg. FRou verT, - __4-7-83 : 4-13-83
17. ELEVATION TOP OF HOLE 8BE.3
7. THICKNESS OF OVERBURDEN np o Feet 18, TOTAL CORE RECOVERY FOR BORMNG 572 «
B. DEPTH DRLLED WNTQ ROCK 75 5 Feet 19, NAWE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 64.8 Feet Jerry Baollard Jr.
% CORE |BOX OR REMARKS
CLASSIFICATION OF MATERIALS - : . .
ELEVATION | DEPTH | o vty REEQY™ SAMELE| (OriLling e, 20, s 8B
[ b < d &, £. 2
- CONCRETE: Pea gravet -
. aggregate and sdme chert -
- -
- -
- Concrete oppeored to be -
] satisfactory b.¥ visual =
“ observation with no lass ™
j recorded, =
— Caoncrete cored and —
. discorded from B886.3' I~
. to B52.7'. -
7] CON —
] —
. -
] [
7 :
3 -
] -
- [
- =
- C
— -
8675 [20.0 C
LRH FORM1836 PROJECT HOLE NO.
MAY O4 Dover Dam, Chio _G-10b

1983 Borings.dgn 11/27/2006 9:02:42 AM



F.
DRILLING LOG (Cont Sheet) [FLEVATION TOP OF HOLE 882.3 Hole No.  G-10b
PROJECT . INSTALLATION SHEET 2
Dover Dam, Ohio HUNTINGTON DISTRICT oF 3 sETs
% CORE [80X OR REMARKS
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS n
e RECOU: |SUPLE | oy im e s ot
o L] c '] . 1 9
CONCEETE: (Tontinued) [
— CcoN —
. -
J -
3 Began Coring -
27 |358
— Rec T
m 100% -
BS0.3 [38.3 Top of Rock "
= LIMESTONE: Dork gray, hard, -
_ fossiliferous. -
- B0® frocture, plonar Tough, -
— rout cooted from -
- 46.9' to 846.5. i -
J s Loss -
. 0.0 -l
- Rec —
. 857 -
8459 14307 -
] SHALE: Block, moderotely hard, -
39 SH with some bodly weathered -
= zones, =
B45.0 (44,07
-LRH FORM1836-A PROJECT . HOLE NO,
WAY D4 Dover Dom, Ohio G-10b

LRH Form 1836.dgn 8/21/2006 10:55:56 AM

w




DRILLING LOG (Cont Sheet) [FtEVATON TOP OF HOLE  oq, < Hole No.  G-10b
PROJECT D - D Ohi INSTALLATION SHEET 3
over Jom, Uhio HUNTINGTQN_DISTRICT OF 3 SHEETS
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS :zggff %afg ( COrttirg time, m",ig desth of
{Doscripfion) ERY NO. r;frng oic. If slpaficont;
L] b [3 d * ] 9
" SHALE® (Continued) [
3 Froclured and badly broken Less -
2 from B46.3'to B44.0¢ 0.6 -
_ Rec -
- Very sofl ond clayey from ; -
I SH 8457 to Ras 3 ) 967 -
— .
8423 |46.5] 1 -
— SILTSTONE: Sandy, dark groy, —
— maoderately hord, W|th som -
— sandier zones and 1 ~
7 sandstone loyers. -
- Loss E
_— R? &) —
ec C
3 100% -
—] -
= Loss -
] 0.0 E
1 Rec I
— 100~ -
3 sis :
—] |
_:“ 2 [
= -
] -
-—-j |
- Loss -
. 0.0 -
] Rec —
. 100% E
] =
—_ —
- r
. Loss 3 t
g25.4 (64,87 0.0
] Bollom of Hole —
= =
- . HOLE NO.
LI::I{ 1I;‘OR‘M 1836-A PROJECT Bover Dam. Ohio . on

1983 Borings.dgn 11/15/2006 B:14:10 AM



DIVISION . INSTALLATION SHEET 1§
ORILLING LOG  |Gregt Lakes ond Dhio River CELRH-EC-G OF 3 SHEETS
1. PROJECT 10, SIZE AND TYPE OF BIT yx
Dover Dam N DATUM FOR ELEVATION SHOWN (TaN or NSU
2. LOCATION (Coardinates or Stotion! NGVD 1929
Ohig 12. MANUF ACTURER'S DESIGNATION OF DRILL
3. ORILLING ACENCY Unknown Unkriown
13. TOTAL NO. OF QVER- {ISTURBED “UNDIS TURBED
4. HOLE NO.{As sharn on drowing iitle BURDEN SAMPLES TAKEM . O :
and rite number! G-11
5 HANE OF DRLLER 4. TOTAL NUMBER CORE BOXES 3
Kenny Olson 15. ELEVATION GROUND WATER 73 4 B
6. DIRECTION OF HOLE o R 1. DATE HOLE "STARTED “COMPLETED
[ vERTICAL (] mcumeo 20° S 7 DEG. FROM VERT. :
. 17. ELEVATION TOP OF HOLE  RBE.3
7. THICKNESS OF OVERBLROEN g o Feet 18, TOTAL CORE RECOVERY FOR BORING 96.1
8. DEPTH ORILLED WTO ROCK 28 7 Feet . A OF WSPECTOR
9. TOTAL DEPTH OF HOLE 5.4 Feet Jerry Ballord Jr.
CLASSIFICATION QF MWATERIALS % CORE |BOX OR lDri'Ill +1 REMAR}S th o
ELEVATION | DEPTH | LEGEND (Description REECRQ,V' Sa ,LE S g PR NP Al
° b © s 9. 9
CONCRETE: Pea gravel
oggreqale.

from &" to

(Average size pleces ronging

TTTT

E 3
4 Concrete oppeored to be —
— satisfactory b¥ visual —
- abservation with no loss -
3 recorded. -
- Concrete cored ond -
? discarded from 886.3 -
. to 853.6'. p
— =
— —
T con =
- o
4 -
] -

867.5 [20.0 L

LRH FORM 1836 FROJECT HOLE NO.

MAY 04 Dover Dom, Ohio G-11

I.RH Form 1836.dgn 8/21/2006 11:02:56 AM




DRILLING LOG (Cont Sheet) [ELE"”"’“ TOP OF HoLE 886.3 Hole No. G-y
PROJECT : INSTALLATION SHEET | 7
| Dover Dom, Ohio HUNTINGTON DISTRICT o 3 sreErs
X CORE |BOX OR
EVAT DEPT EGE CLASSWICATION OF MATERIALS .
ELEVATION H | LEGEND (Dwscription) REECR(:’V SNNgLE lDrm!rg‘f;:n:.;gsr; g:}m’ff
L] L] < 4 hd r L]
CONCRETE: (Concrete) -
—] con —
E =
] -
853.6 | 348~ Began Coring -
— Rec -
T 1007 -
E 3
518 |36.7 Top of Rock -~
o LIMESTONE: [ark q\roy hord, o
_ fossiliferous, with { -
- laminations. [
3 s =
-] Loss -
— 0.0 -
= Rec —
a 96% -
B47.6 4127 -
— SHALE: Black, moderately hard -
— with some sllqhtly weathered -
M zanes. .
3 An%ulor fault from B843.7'to -
SH 833.4', na grout. -
3 =
8450 1440 7 L-
Lﬁﬂ I(;ORM 1836-A PROKCT ) ver Dom, Ohio 1P ™ G-y

LRH Form 1838.dgn 8/21/2006 11:03:31 AM




MAY 04

Daver Dam, Ohia

DRILLING LOG (Cont Sheet) [FEVATION TOP OF HOLE 886.3 Hole No.  G-n
PROJECT : INSTALLATION SHEEY 3
Dover Dom, Oh [
over Dom, Ohio HUNTINGTON _QISIRICT oF 3 SHEEss
¥ CORE |BOX OR REMARKS
CLAS
ELEVATION | DEPTH | LEGEND LASSIFICATION, N?;VMATE‘"”-S REE(;(?rV- s‘:';.LE worting | ﬂ? o 3;’ govtn o
[} % ¢ d . i 9
- SHALE: (Continued) [
d Loss -
_ 0.2 -
— sH Rec —
] 927 o
43,0 lag 1-] C_
7 SILTSTONE: Sandy, groy, —
- moderately hord. |
— 3.7 Sondslone, medium 1 —
-1 roined from B33.6 -
n o 829.4 -
. 0.8' Sondstone, medium -
— rained from 8294’ -
. o B2B.&' -
] Grout coaled beddin§ plane .
ﬁ at 833.6 ond 820.7 -
= Loss
1 0.4
— Rec .--i
= 967 -
. Loss C
1 0.2 -
- Rec —
q siLs 982 2 [
. [
- [
] Loss -
— 0.1 -
] Rec -
7 947 -
E 3 C
- Loss -
8248 1654 7] 0.3
- Bottom of Hole -
LRH FORM1836-A PROJECT HOLE NO.

G-

1983 Borings.dgn 11/15/2006 8:14:56 AM



.
- DIVISION  stauaTion SHEET | o
DRILLING LOG | Gregt Lakes and Ohio River CELRH-EC-G oF 3 SHEETS
1. PROJECT 0. SIZE ANO TYPE OF BIT x
Dover Dom 1. DATUM FOR ELEVATION SHOWN TEH o WSL)
2. LOCATION {Coordlngtes or Statiant NGVD 1929
Ohio 12. MANUF ACTURER'S OESIGNATION OF DRILL
3. DRILLING ACENCY
Unknown Unkncwn :
13. TOTAL NO.OF OVER- ‘DISTURBED {UNDISTURBED
4. HOLE NO.(As shen o growlng ifHe BURCEN SAMPLES TAKEN 0 :
and Flie rumber) G-12
PRV ar— M. TOTAL MUMBER CORE BOXES 3
Kenny Olsen 15. ELEVATION GROUND WATER g7 1
6. DIRECTION OF HOLE 16. DATE HOLE :STARTED :CDMF’LETED
O vertica, [0 meLimep 20° S 70° W 5eq rrow verT. : :
17. ELEVATION TOP OF HOLE 886.%
7. THIGKNESS OF OVERBURDEN (.0 Feel 18. TOTAL CORE RECOVERY FOR BORNG 92.6 *
B. DEPTH DRALLED WY0 ROCK 30 & Feet . WAME DF NSPECTOR
9. TOTAL DEPTH OF HOLE 658 Feet Jerry Ballard Jr.
CLASSIFICATION OF MATERIALS %CDDRVE ggxPuER lDfllll th REMARKSoa depth of
£ 1 . L O
ELEVATION | DEPTH | LEGEND AN o i R Tty (e eto. 14 1gAi €16
o b c 4 8- ¥ °
— CONCRETE: With Peg gravel -
- aggregate. -
— _
3 Concrete oppeared to be |-
] satisfactory b{ visual -
] observatien with na loss .
— recorded. -
- [
- -
] Concrete cored and -
- discorded from 886.3 -
- to B54.9". -
3 -
— -
| CON -
7 I~
867.5 |20.0 [
LRH FORM 1836 PROJECT |u0L£ HO.
MAY 04 Dover Dom, Ohio _G-12

LRH Form 1836.dgn 8/21/2006 11:04:38 AM




DRILLING LOG {Cont Sheet) [FLEVATION TOP OF HOLE  pgg 3 Hole No. g-12
PROGECT . NSTALLATION SHEET 7
Oover Com, Chio
HUNTINGTON DISTRICT o 3 sers
ELEVATION | 0EPTH | LecEND CLASSIFICATION. OF WATERIALS ﬁggg'\‘f ‘ggipfg orting 1IN et
tDmseripthen ERY | NO. wodtharlng, .rc. I wvrrm.\
a L] 3 d L] '
- CONCRETE: {Continued) ,:
1 '_
= ' -
7 con ' i
854.9 |33.4 7 Began Coring -
— Rec |~
T 1007 -
853.4 |35.0 Top of Rock -
] LIMESTONE? Hard, dark o
— fossilferous, with thin 1ommut|ons -
= 70° froclure, open, plonar, Loss ~
—] rough from 8 33pto 852.6'_0.0 [
— Rec -
— 55° frocture, open, plonar, 987 -
— irregulor rough moderciely =
— broken from ™ 850.4 -
- LS to 850.0' C
. 1 -
8489 |39.8 7 C
] SHALE: Black, moderately hard. —
= Broken ond portiolly -
q weathered zone from [~
1 847 5'ta B46.5", Loss .—.._
— 0.1 -
- Thin grouted closed fructures Rec '+
- from o 844,17 ong 89/ I
e [ BaBt to 3179 ' -
: 60* frocture open, plonar, =
- smoath from B48.71' -
- to 847.9'ond from 847.8' B
. to 8473 —
3 Moderatel brokené lhm bedded -
B450 |44.0 from 847.5'to 845 -
RH 1 - T R .
LMM E,ORM B36-A PROE Daver Dom, Dhio HOLE MO G-12

L.RH Form 1836.dgn 6/21/2006 11:05:04 AM




DRILLING LOG (Cont Sheet) [F-EVATION TOP OF HOLE

MAY D4

Dover [Dam, Ohio

886.3 Hole No. G-12
PROJECT . INSTALLATION SHEET 3
, Ohi
Dover Dam, Ohio HUNTINGTON_DISTRICT & 3 seErs
ELEVATION | OEPTH | LEGEND CLASSIFICATION OF MATERIALS 253355 2%982 (Gritiing I'M'E.Eya’ferfis:. dopth of
(Daseriptlon) ERY NO. wighering, sfc. It sipniflcand)
a L] < d » ' 9
SHALE: {Continyed? =
7 n
= Verticol fracture, open, plonar -
] smooth from B844.8' .
— sH to 8447 L
—_ i L —
] Groul coated bedding plone 6.:.555 1 -
7 closed ond irregulor ot Rec .
_ B44.2', 844.15" and B44.06' | 545 [
8426 |46.5 . . _
= \__Mechaonical spin loss ot 843.3'1] -
—1 SILTSTONE: Sandy, dark groy, —
. maderately hard, with some -
1 sandier zanes. -
4 Loss -
. 0.3 "
. Rec -
] 947 —
E =
I SLS -
: Loss -
— 0.3 2 -
- Rec -
7 964 o
] Loss [
. 0.2 —
- Rec .
. 8074 -
825.2 164.0 3 [
- SILTSTONE: _idqht gray, sandy, -
— coarse grainsd. =
—] sLs -
-] Loss t
24.5 [65.8 7 1.0
] Bottom of Hole o
LRH FORM1836-A PROJECT HOLE NC.

G-12

1983 Borings.dgn 11/15/2006 8:15:42 AM




) DIVISION o |wsTacanon SHEET 1
ORILLING LOG  [Great Lokes and Ohio River CELRH-EC-G o 3 seers
1. PROJECT 10, SIZE AND TYPE OF BIT
_Dover Dom . DATUM FOR ELEVATION SHOWN TN o ¥SU
2. LOCATION fCoorlnotas or Stotion) NGVD 1929
Dhio 12. MANUF ACTURER'S. DESIGNATION OF DRILL
3. DRILLING AGENCY
: Unknown Unknown
: 5. TOTAL ND, OF OVER- ‘DISTURBED JUNDISTURBED
4. HOLE NO.{As sfown on drowlng iftls BURDEN SAMPLES TAKEN ° o :
ond [ita numbar! . G-13a
5. NAME DF ORILLER 14, TOTAL NUMBER CORE BOXES R 2
Kenny Olsen 15. ELEVATION GROUND WATER —
6, DIRECTION OF HOLE . DATE HOLE TSTARTED “CONPLETED
O vermicaL (2] meumep 20° S 70° W e rrom veRT. : 12-08-82 12-09-82
V7. ELEVATION TOP OF HOLE BR6.3
7._THICKHESS OF OVERBURDEN (.0 Fest 18. TOTAL CDRE RECOVERY FOR BORING 7
94.6
8. DEFTH DRLLED NTO ROCK 318§ Feet 9. NAME OF FePECTOR
9. TOTAL DEPTH OF HOLE 65.1 Feet Jerry Ballard Jr.
CLASSFICATION OF WATERIALS TeTE (BOX OBl (oe1a1ing tine, K e ezt ot
ELEVATION | DEPTH | LEGEND Duseriotion REEC“UYV‘ SAM .'-E waatherings 8tg.s if sigal¥igont)
[y [ 3 d a. f. L]
— CONCRETE: With pea grovel [
— aggregate, =
- . [
— -
- Concrete oppeared to be —
= satisfoctary b-f visual -
3 observotion wilth no loss -
_ recarded. [
-] -
— Concrete cored ond -
— discarded from 886.3' b—
7 to 858.0". -
] |
—] con —
3 =
] -
—d —
] -
] —
6§75 120.0 7
LRH FORM 1836 PROJECT ] HOLE NO.
HAY 04 Dover Dom. Ohio —G-l3a

LRH Form 1836.dgn 8/21/2006 11:06:24 AM



DRILLING LOG (Cont Sheel) |“““”'°N TOP OF HOLE B86.3 Hole No.  G-130
PROJECT i INSTALLATION SHEET 7
Dover Dam, Ohio HUNTINGTON DISTRICT oF 3 swErs
“ CORE 80X OR REMARKS
¢ i A
ELEVATION [ DEPTH | LEGEND LASS‘FWQE,”?;,”‘TE 1ALS REE%grv- sn::ugl,: foviting 111:. Jroier %ﬁg;}w
L] d . T ]
* T | CONCRETE Contiued)
—_ f—
= -
§ CON -
= .
80 [30 1—j Began Coring -
— Rec —
T 100% -
5o |33.3 Top of Rock [
. LIMESTONE: Elack into dark F
. ay, hard, fossiliferous, with ™
— ?hln laminations. r
— Fault zones from 854.8 to =
. B54.1 and 851.3 to B50.6 Loss ~
i 0.0 —
: B -
g L ' -
. 1 -
= =
8503 |38.3 [~
— SHALE: Block, moderately hord. E
n Weathered ond broken from -
T B47.5 to B46.5 Loss -
— 0.2 -
- Thin grauted viens from Rec -
- 346 5 o 846 3 957 :
— sH Los1s -
. Rec -
3 884 -
: -
B4S.,0 144.C0 7 2 [
Lm EPRM 1836-A IPROJECT Dover Dom, Ohio "€ MO o130

LRH Form 1836.dgn 8/21/2008 11:08:05 AM




DRILLING LOG {Cont Sheet) [FLEVATION TOP OF HOLE 886.3 Hole No.  g-13g
BROJECT ) INSTALLATION SHEET 3
Dover Dam, Chig HUNTINGTON_DISIRICT OF 3 SHEETS
ELEVATION [ DEPTH | LEGEND CLASSIFICATION OF MATERIALS 25835‘. 22:932 (Drititng J'IHEE:‘;HR'KE;;J.M#N
towseripfion) ERY | NO. wectiering, etc. If signitlcont)
v b < d . i 9
- SHALE: TContinuedy -
] SH :__
4 -
5428 146.5 Logs —
— SILTSTONE: Sandy, gray, Rec -
. moderately haord, interldyered 947 I
1 with some sandier zones, ' l
3 55° frocture, open, rough, C
— lonar _from 35 =
N o 833.2' I
T Loss -
3 O3 z -
_ ec
—] 987 il
3 SLS C
] Loss E
_ 0.2
- Rec -
- 0% -
— -
— —
7 Loss -
. 0.5 -
- Rec [
— 007 |- »
8255 164.7 SLTSTONE: Light groy, sandy. A Loss »
8751 lgs4—1 SLS| coarse grained. 0.0 —
m Bottom of Hole —
?ﬂ [
- PROJECT . HOLE NO.
LE::' E‘ORM 1836-A Dover Dom, Ohio G-130

1983 Borings.dgn 11/15/2006 8:16:03 AM




DIVISION o INST ALLATION SHEET |
DRILLING LOG  [Greqt Lakes_ang_Ohio_River CELRH-EC-G OF 3 SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT pyy
Dover Dam . DATUM FOR ELEVATION SHOWN TBY or WS
2. LOCATION (Goardinotes or Sfotlon! NGVD 1929
’_-__%ig 12. MANUFACTURER'S DESIGNATION OF DRILL
3. DRILLNG AGENCY U
nown
- 13. TOTAL NO. OF OVER- “DISTURBED “UNDISTURBEQ
4. HOLE NO. fAs stown ot drowing it BURDEN SAMPLES TAKEW :
and flie number) 4@'13‘) j
5 NAME OF DRILER 4. TOTAL NUMBER GORE BOKES 3
Kenny Olsen 15. ELEVATION GROUND WATER £73 1
&, ORECTION OF HOLE 16, DATE HOLE STARTED "COMPLETED
[ vermicaL [R] mcunep 20° S 35° W oeg rroM veer. . 3-29-83 4-7-83
17, ELEVATION TOP OF HOLE _ 886.3
7. THICKNLSS OF OVERBURDEN (30,0 Feet 18. TOTAL CORE RECOVERY FOR BORNG BA S
6. _DEPTH DRILLED WTO ROCK 314 Feet 19. NAME OF (NSPECTOR
9. TOTAL DEPTH OF HOLE 64.4 Feet Jerry Bollard Jr.

" MATERALS % CORE [80x 0  REMARKS
Evevaton | OETH | eogn | CUASSFICTIN o WaTERA SOV SABLE| 1hiticg pim i e et
o b c 4 LE - 9
CONCRETE: With peo groveland
some chert, -
1 -
- =
- E
_— Concrele appeared to be L
. satisfactory b.¥ visuol ':
. observatian with no lass I~
] recarded. ~
E -
E 3
— Concrete cared and —
] discarded from B86.3' -
-] to 857.3". C
7 -
— .CON -
] C
_— -
- -
— -
] e
= —
— [
] -
g n
867.5 120.0 ‘
LRH FORM 1836 ]Pno.za HOLE 0. J
MAY Q4 Dover Dam. Qhio _G-13b

1983 Borings.dgn 11/15/2006 8:16:37 AM



DRILLING LOG (Conl Sheely [FLEVATO TOP OF HaE B886.3 Male No.  g-13p
PROJECT R INSTALLATION SHEET
Daver Dam, Chio 2
HUNTINGTON_DISIRICT of 3 SHEETS
7 CORE |B0¥ OR REMARKS
ELEVATION [ DEPTH | LEGEND CLASSIFICATION OF MATERIALS RECOV-
i {escription! ERYV Sn:\‘a:gu mﬂﬁr’ﬂ— ’,‘,’.',!":_a,r’;w’ﬁ.ﬁ;,“
o I3 d . L]
- CONCRETE: (Continued) [
- -
3 =
—1 coN =
g -
§57.3 |30.9 - Began Coring -
-7 Rec -
n 1007 —
8553 |33.0 1 Top of Rock -
— LIMESTONE: Dark gray to black, -
. hard, fossiliferous. —
_ Multiple high angled, grout _
_ cocpted, r;t)ugh,gnonp?onur .
- [roctured rone from L
n 852.4' tc B51.4", -
] 70° High angle, plonor, rough .
- s rout %oule% r%cture frogm Lc?%s 1 L
- 55.2'to B854.4' e -
. ec -
— 100% [
] Loss —
b 1.0.0 -
-] Rec [
— 100 —
850.7 |37.9 - C
—] SHALE: Block, moderately hard. —
] Broken zane with multiple -
- 40° -60° froctures, raugh —
— and nanglanar, —
n Badly broken ond weathered [
n zonei irom 847.3 [
-1 SH to B46.1. -
-] Loss -
— 0.0 -
- Rec -
— 814 [
461 [42.8 -
- SILTSTONE: Sandy, gray -
I mederately hard, ‘with some L
] sandier zones. -
- SLS C
B45.0 [44.0 7 7 -
LRH FORM1B36-A PROJECT HOLE NO.
MAY D4 Daver Dem, Chia G-13b

1983 Borings.dgn 11/15/2006 8:16:58 AM




MAY 04

Dover Dam, Ohio

DRILLING LOG (Cont Sheet) [FLEVATON TOP OF HGLE 886.3 Hole No. g-13p
PROJECT . INSTALLATION SHEET
Dover Dam, Ohio J 3
HUNTINGTON _DISTRICT OF 3 SHEETS
: ¥ CORE [BOX OR REMARKS
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS RECOV-
. X mbsn:fu'i'mJ ERYV SA:; LE fﬂ:ﬂ-gf%rfrﬁ:m :‘;:Tﬂggid
] SHALE: (Continued) : N
— Loss I
. 0.8 -
s Rec -
1 on a1/ —
: —
8405 [4B.7 5 C
_"” SANDSTONE: Groy, medium —
_ groined, moderatély hard. -
-1 S8 -
1 L{?is .
B38.8 |50.5 ] Rec -
7 SILTSTONE: Sondy, groy into 86/ -
- dark groy modeyu\eﬂ r\ord, -
—~ radudll Becor_nung sholey -
n more fissle) wilh ‘deplh. -
— z —
_: Loss —
7 sis ‘:?-7 -
] ec
] 80/ =
3 =
— Loss -
- 0.8 -
] Rec
] 75% t
829.4 |60.5 -
7 SILTSTONE: Gray, sondy, [
—] medium Lo coarse grdined, [
- moderately hard. -
e Loss 3 —
- 0.8 -
4 SLS Rec -
T 20% l
— Loss —
8258 164.4 1.6 -~
- Bottom ot Hole -
e [
3 =
3 -
LRH FORM1836-A PROJECT HOLE NQ.

G-13p

1983 Borings.dgn 11/15/2006 8:17:30 AM




LRH Form 1836.dgn 8/21/2008 11:14:08 AM

DIVISION ) ) INSTALLATION SHEET 1
ORILLING LOG  [Greqt Lakes ond Ohio River CELRH-EC-G oF 3 seeets
1. PROJECT 0. SIZE AMD TYPE OF BIT Ny
Dover Dom 11 DATUM FOR ELEVATION SHOWNM TBU o WSL)
2. LOCATION (Coordingles or Stotion) NGVD 1929
Qhic 12, WMANUFACTURER'S DESIGNATION OF ORWL
3. DRILLING AGENCY Unknown Unknown
13. TOTAL NO, OF OVER- ‘DISTURBED UNDISTURBED
4. HOLE ND. (As shown on drowlng il BURDEN SAMPLES TAKEN | 0 :
and flie number) G-14a
PR —— M. TDYAL NUMBER CORE BOXES 9
Kenny_Olsen 15. ELEVATION GROUND WATER
6. DIRECTION OF HOLE . DATE HOLE :S'MRTED_ 583 .;COMPLETE_Dz_B:S
O vertica, ) weumen 20° 5 70° W pec. FROM VERT. . 2-25-8 3
17. ELEVATION TOP OF HOLE  §B§.3
7. THCKNESS OF OVERBURGEN pp.0 Feet . TOTA, CORE RECOVERY FOR BORING 90.8 *#
B. DEPTH DRILLED MNTD ROCK 13 5 Feat 8. NAME OF MSPLCTOR
9. TOTAL DEPTH OF HOLE 651 Feet erry Ballard \'l?ré <
% CORE |BOX OR MARK
ELEVATION | DEPTH | LEGEND CL"SS“C&L'S%';‘W?;,“ATERW-S RECOV=| SaupLE Ot Tl e ariter, 1088 epth of
° b < d a. f. 9
— CONCRETE: Pea gravel -
1 aggreagate and Chert. -
] Concrete oppeored ta be —
- sotisfactory by visuol =
- abservation with na loss -
— recorded. -
_ -
] Concrele cored and -
N discarded from B886.3 -
— to 839.4', .
- =
 CON -
3 [
- -
- —.
i [
. -
a —
675 [2G.0 =
LRH FORM1836 PROJECT HOLE NO.
usy 04 Dover Dam, Ohio G-l40




”"'__
DRILLING LOG (Cont Sheet) [FEVATION TOP OF HoLe 886.3 Hole No.  G-140
PROUECY . INSTALLATION SHEET 2
Dover Dom, Ohio HUNTINGTON DISTRICT o 3 sers
ELEVATION | OEPTH | LEGEND CLASSIFICATION OF MATERIALS ;'c(c:gfrc- Z%FES (D Hting ﬂn:E:‘;uRrxgu. dath o
(Coscription £RY NO. wagtharing, dic, It signiticont!
o b c d . I 9
] CONCRETE? Conlinued? L
— -
E C
- -
- -
— —_—
] -
3 Ic
E 3
- con -
= 3
- =
— -
] —
7 r
_: -
E =
T —
= —
i I
. -
845.0 144.0 -] [
- PROJECT . HOLE NO.
Lﬁ:i °F4ORM 1836-4A Dover Dom, Ohio G-140

LRH Form 1836.dgn 8/21/2006 11:14:49 AM




MAY Q4

DRILLING LOG (Cont Sheet) [F-EVATION TOP OF hoLE 886.3 Hole No.  G-l4a
PROJECT . INSTALLATION SHEET 5
Dover Dom, Ohio HUNTINGTON_DISIRICT oF 3 sETs
# GORE (BOX OR REMARKS
ELEVATION | OEPTH | LEGEND CLASSIFICATION OF MATERIALS -
oy O e | ety e
& b T d - 9
— CONCRETE: (Continued) [
3 -
- con C
9.4 49‘.3 N Began Coring C
- Rec [~
A 78x -
837.8 |51.6-— Tap of Rock -
_ LIMESTONE: Dork gray to black, —
] hard, fossiliferous. Loss occumivlotive. Majority =
- LS of lass probobly in Concre{e .
—3 Rock bond area. -
836.9 B t
- SHALE: Sond{, dark gray into =
~— groy, moderaiely hard, with some —
7 sondier zones. -
u Grouted fracture from [
— 8386,2'to 835.9', possible —
— foult. |-
— Loss -
. More Shclli-‘ from 832.3' 1.1 -
1 to 830.2". Ree —
. 967/ -
3 sH -
— -
- 1 -
. Loss -
30.2 158.7 0.2 -
] SILTSTONE: Gray, moderately Rec -
-1 hard, sondy, rmedium to coarse | 984 L
] grained. -
~ Medium bedded with grout -
] cooted planes from ——
" 827.9 o B27.3". [
- sLs —
. Loss -
251|651 01 ] 2 —
7 Bottom of Hole E
i -
LRH FORM1836-A PROJECT

HOLE NO.
Dover Dam, Ohio [ G-140

1983 Borings.dgn 11/15/2006 8:18:07 AM




-

DIVISION INSTALL ATION SHEET 1|
DRILLING LOG ; ;
Greot Lokes and Ohio River CELRH-EC-G oOF 3 SHEETS
I PROJECT 0. SIZE AND TYPE OF BIT ¥
Dover Dom M. DATUM FOR ELEVATION SHOWN B or WSL)
2. LOCATION (Coordinatas or Stators NGVD 1929
Chic 12. MARUFACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY
nknown s - Unknown .
13. TOTAL WD, OF OVER- ‘DISTUR UNDISTUR
4. HOLE NO. {As shown on drowing iilie BURDEN SAMPLES TAKEN B vU DSTURBED
ond Fria number] G-14b : Q :
& NAME OF ORILER 4. TOTAL NUMBER CORE BOXES 2
Kenny Olsen 15. ELEVATION GROUND WATER
6. DIRECTION OF HOLE 5. OATE HOLE "STARTED COMPLETED
[ vertica (X3 menen 20° S 70° W oec. FroM veRT. : _3-11-83 ' 3-17-83
17. ELEVATION TOP OF HOLE REBE.3
7. THi F OVER
HICKNESS OF OVERBURDEN pp.p_Feet 8. TOTAL CORE RECOVERY FOR BORING 955 7
8. DEPTH DRILLED WTD ROCX {3 4 Feel 9. NAME OF WePECTOR
9. TOTAL DEPTH OF HOLE g5 7 Feet Jerry Bollard Jr.
% CORE |BOX OR REMARKS
CLASSIFICATION OF MATERIALS ~ . \
ELEVATION | DEPTH | LEGEMND teseriotion) REECF?YV 5!:5}.5 (U’Jg';'ln"f.—fn'.: .fﬂ'ff I.oit:niﬂclgg:’hl ot
o [} < 4 8. f. 9
-] CONCRETE: Pea gravel
— aggreongate and Chert, E
] -
- ud
. Concrete oppeared to be I~
T satisfoctory b,{ visyol F_
- observotion with no loss =
— recorded. -
] -
- Concrete cored gnd | -
1 discarded from B886.3 =
. to 839.7" —
~] CON ~
__:_‘ =
] -
— —
. -
. —
= =
867.5 120.0 —
LRH FORM 1B36 PROJECT HOLE NO.
MAY 04 Dover Dom. Ohio _G-14b

LRH Form 1836.dgn 8/21/2006 11:15:58 AM



DRILLING LOG (Cant Sheet) [F-EVATION TOF OF HoLE 886.3

Hole No.

G-14b

PROJECT

Dover Dam, Ohio

INSTALLATION -

HUNTINGTON DISTRICT

SHEET 2
OF 3 SHEETS

ELEVATION | DEPTH | LEGEND

a b <

CLASSIFICATION OF MATERIALS
{Dascrigtion!

# CORE
RECOV-
ERY
.

80X OR
NO.
1

REMARKS
SAMPLE f&’ﬂfhz{ﬂm wer K05k, depl!
g, d'c. L4 :Iqﬂﬂnanﬂ

CON

II_II_UII;IHIJ_I!H]IIII!ll]l]llIIJ_IJ]I'IIII!IIIi‘llliiiililllIJII!III[[III'IIJl]IIIIIJ_III;IIIllIII!lJ_LlliHIJJII!l]llil

8450 [44.07]

d
CONCRETE: (Continued)

IlIlll—fllllI[l[l_flfllﬂ_rllllIEIII!IIIlll”ﬂ_gllIIl]TIl{llI?TIII|I17—l||IIIIIIIIIII|li|1IlIiHTJ,FIIF]IHIIHTJ,HEI‘IIII

LRH FORM1836-A
MAY 04

[PROJECT

Dover Dam, Chio

HOLE NO.

G-14b

LRH Form 1836.dgn 8/21/2006 11:16:36 AM




DRILLING LOG (Cont Sheet) [FLEVATION TOP OF HOLE 886.3 Hole No.  (.14p
PROJECT ] iNSTALLATION SHEET 3
Dover Dam, Ohio HUNTINGIQN_DISTRICT OF 3 SHEETS
7 CORE [B0X OR REMARKS
ELEVATION | OEPTH | LEGEMD CLASSIFICATIDON OF MATERIALS -
tDwacripfon) Ri%?(" SA:(; LE ’wfggfg ot _'3’0;‘_-’ Jecth, of
] b 3 d . i [
CONCRETE: (Continued) [
. [
3 cown -
839.7 49,6_:1“ Began Coring n
] Rec -
-~ 967 r—
£36.7 518 Top of Rock -
— SILTSTONE: Sandy, dark gray, —
- nto gray, moderately hard, with ~
-l some scndier zones. o
— Broken zone from B37.2 -
~ to B36.9'. -
= Loss -
7 0.2 -
] Rec¢ -
— 94 -
1 sLS -
7 1 C
i —
8309 [(59.0 7] -
. SILTSTONE: Gray, moderately L°.55 -
- hard, sondy, medium to coorse R -
- grained. g§§ "
? Dork gray Shale loyer from -
B30.5'tc 829.9'and from -
- 8294 to B29.3 -
4 sLs =
_: Logs -
n Rec -
- 1007 2 -
] Loss —
8250 165.2™ 0.0
] Bottom of Hole -
- ROJECT HOLE NO,
ey oo M 1636-A ) Dover Dom, Ohio | G-14b

1983 Borings.dgn 11/15/2006 8:18:37 AM




DIVISION ) . INSTALLATION SHEET 1
DRILLING LOG  [Greqt Lokes and Ohio River CELRH-EC-G oF 3 SHEETS
1. PROJECT 10. SZE AMD TYPE OF BIT [y
Dover Dam 1L DATUN FOR ELEVATION SHOWN (ToM o ¥SL
2. LOCATION (Coordintes o Stationt NGVD 1829
_Ohio 12. MANUF ACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY
Unknown Lnknown
13. TOTAL NO. OF OVER- ‘DISTURBED JUNDISTURBED
4. HOLE NO. (45 shown on drowleg tlls BURDEN SAMPLES TAKEN . :
ang fite pumber. . G-1E 0
PRI — 14. TOTAL NUMBER CORE BOXES 2
L Kenny Olsen 15, ELEVATION GROUND WATER
§. DIRECTION OF HOLE 16. DATE HOLE STARTED COMPLETED
) verTical (] meumeo 20% .5 70° W oec. FroM VERT. : 5-3-83 _3-10-83
17, ELEVATION TOP OF HOLE  BRE.3
7. THICKNESS OF OVERBURDEN QD0 Feet 18. TOTAL CORE RECOVERY FOR BCRING 96.4 #
B. DEPTH DRILEQ WTO ROCK 195 Feel 19, NA OF INSPECTOR
9. TOTAL OEPTH OF HOLE 54.8 Feet Jderry Bollard Jr.
% CORE |BOX DR
ELEVATION | DEPTH | LEGENO CLASSFICATION OF MATERIALS RECOV-|SAMPLE O it fe s SoH T 00y ot o
o L) < d -1 +. 9
_] CTONCRETE: Pea gravel E
— oggreogate ond Chert.
? .
1 Concrete oppeored to be
- sotisfactory b{ visual
] abservation with no loss —
- recorded. -
— —
— Concrele cored and .
- discarded from B888.3 _
- to 843.8" [
7 -
= con -
_j —
E S
- u
— [
8675 1200 E
LRH FORM 1836 PROJECT jncu.: NO.
MAY D4 Dover Dom, Ohio G-15

I.RH Form 1836.dgn 8/21/2006 11;18:32 AM




DRILLING LOG (Cont Sheet} [ELEYATION TOP OF HoLE 8B6.3

Hole No.

G-15 T

PROJECT

Gover Dom, Ohio

JINSTN.LATION

HUNTINGTON DISTRICT

SHEET 7
OF 3 SHEETS

ELEVATIOI DEPTH | LEGEHD

o L3 T

CLASSIFICATION OF MATERIALS
(Dascription)

—Ef CORE

RECOV-
ERY
.

0% OR REMARKS )
SAMPLE (Drlling Hie, wotor foss, dagth of

HO, waipring, oic. I significant!
1

1

CON

IIJ_lIIIIIIIIIIl!llll!lllllilliliI]IHIIIIlllllJElIIIJIJIHJ_I_IllllHl|IIH,!'LfI|IIIJIJIII!1£[!|ILJ§,!IIJIIIIIL[IIiliIH

450 [(44.0

a4
CONCRETE: {Continued)

H—FI!IIIIlI—Fll|1—|—rl‘l!EI‘I[IITTI1l|IIIIiIililllfllflfl‘lf1lilliTIIlIl[illiiilllliﬂ1illH]’HHI\TH)ITTIIlIlI_[!IHIFIII

LRH FORM1836-A
MAY 04

PROJECT

HOLE 80.

Dover Dam, Ohio

G-15

LRH Form 1836.dgn 8/21/2006 11:19:09 AM




ORILLING LOG (Cont Sheet) [FLEVATION TOP OF HoLe 886.3 Hole No.  G-15
PROJECT - INSTALCATION SHEET 5
Dover Dam, Ch
ver Dam, Ghia HUNTINGTON_QISTRICT OF 3 sHeers
¥ CORE |BOX OR REMARKS
CLASSIFICATION OF MATERtGS
ELEVATION | DEPTH | LEGEND seriatin Ri%grv- s.«:gl.c iovtiiog | ?n?m%mﬂf
a b © d . ] %
- CONCRETE: "Continued? -
843.8 1457 Began Coring |
- Rec -
. 987 —
ZJ con C
§39.7 [48.6 T Top of Rock —
- SILTSTONE: Sondy, dark gray,
— moderately hurd,{vith sor?we Y L8515 E..
7 sagndier zones. Réc -
. Moderately broken bedding 100~ =
— Blunes with breoks 0.03"1o —
- Ry averoge spacin 1 ~
. between 339.1 to 836.3' -
] Moderotely broken with t_
- bedding glanes spaced ot —
— 0.02' to 0.2' from -
- 834.3'to B33.4' -
] Severe!y broken from -
— B33.4"to B318' [
- sLs -
— —
— Loss —
7 0.0 -
. Rec [
a g/ -
= -
— \ —
831.8 |58.0 7 -
- SILTSTONE: Groy, moderately -
] hard, sandy, medium to coarse -~
- grained. -
] SHALE, silty, dark qruy, thin _
— bedded, wilh Lthin Tight groy -
~ Sandstone slringers Loss -
= lhroughoLt from” B29.4‘ to 0.4 _—_
— 8391 Ses _
7 sis 2 E
3 Loss C
8254 164,87 0.2
- Bottom of Hole —
3 -

LRH FORM1836-A
MAY 04

PROJECT . 'HOLE NO,
Dover Dam, Ohio

G-15

1983 Borings.dgn 11/15/2006 8:19:10 AM




DIVISION ] ] INSTALLATION SHEET 1§
DRILLING LOG Greal Lokes and OQhio River CELRH-EC-G of 4 SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT 4" CORE AND 3" HOLLOW
Dover Dam 1l DATUM FOR ELEVATION SHOWN (TEM or MSL)
2. LOCATION (Coordlingtes o Statlon! NGVD 29
N 32673386 E 2301857.81 12. MANUFACTURER'S DESIGNATION OF DRILL
3. DRILLNG AGENCY i NOTTING CME 45
- 13. TOTAL NO.OF OVER- ‘DISTURBED IYNDISTURBED
4. HOLE NO. (ds shren on drowing ftia BURDEN SAMPLES TAKEN | 3
and flie numbsr. C-04-1
5. NAME OF DRILLER 14. TOTAL NUMBER CORE BOXES 21
BRAGG 15. ELEVATION GROUND WATER 919.5
6. DIRECTION OF HOLE 6. OATE HOLE ARTED ‘COMPLETED
VERTICAL [Jmceiver ) 0XG. FROM VERT. 6/24/04 N 6/24/04
17. ELEVATION TOP OF HOLE 932.721 Feel
7. THICKNESS OF OVERBURDEN 4.2 Feet 8. TOTAL CORE RECOVERY FOR BORING 98 87
8. DEPTH ORILLED INTO ROCK 63.1 Feet 19, NAME OF INSPECTOR -
9. TOTAL DEPTH OF HOLE 73.3 Feaet STEWART
# ¥ 4
ELEVATION | OEPTH | LEGEND CLASSIFICATION ,'3; MATERIALS MC L PL s | sanp | -2op | BLOWS
L] 13 13
3 ORGANIC CLAY WITH SAND o0, | 521 [
931.8 1 0.4 o br. and gr,, low pl., ve. mst.,, m. to WH
= \f sand w/ir. ri. and wood frogs 3 E
j CLAYEY GRAVEL WITH SAND (GC) —
I gr. ond !:;rI Iov\i plf msld ong. to 4 -
. rau. gravel, c. L2 f. son -
-1 6C 8.2 | 32 22 a [
] 3 E
929.2 | 3.0 6.3 2 |
— LEAN CLAY (CL), gr., low pl., dry, 25
~ w/wd. silty SH # CORE [BOX OR REMARKS —
- CL RECOV- [ SAMPLE (Drtiftng Hme, water foss. depth of
— ERY | NO. waatiering, eic. I stgaiflcantt | 52 F
928.0 [4.2 ™ ’ ! . 50/0.2
T SHALE: Soft to mad. hord, gray, |REC [
- silly to sondy. 794 -
et Slight weothering from 928.0 I~
. to 926.0. -
N Bedding plone brecks ever 1 [
= 7 from 928.0 to 924.1, | RGO =
— Increosingly silt vuth de th -
7 rorng 5 g g .
. L 08 |
= REC »
- 1007 -
— |-
- 2 -
] RQD [
9215 |10.7 ] 93 =
— —
—] SANDSTONE: Med. lo cparse —
T ﬁromed light grcr micaceous, -
- ard, occassional shale [
— slrmgers crosbedded. -
- “'Grdy shole rone from 920.9 —
. : la 920.1. /24,04 [~
- 45° Fracture, iran slgined L 00| ;3 -
— from 920.9 to 920.7. -
. REC -
- Moderate weathering from 1007 r
920.9 tc 918.8. -
- [
— Broken zone with severe I~
- weathering cmd saft fram —
T 9204 tc'920 ’__
] Iron slaining from 910.9 la [
1 ss RQD -
- 898.4. 00% =
j S5° Iron slained frocture -
z from 91).4 ta 910.0. 4 [
4 Horizontal, iron stoined -
—] fracture al 902.1, 902.0 -
. Near vertical fracture, C
- iron_stoined frem 902.0 —
— to 9016. L 0.0 L——
s Verticol fracture from 8853 |REC -
i ta 8841, 1004 -
— Coal stringers fram B84.2 5 -
7 to 8@3.2. -
- C
LRH FORM 1836 PROJECT HOLE NO.
MAY Daver Dam C-04-1

B-LB0OO1 .dgn 11/2/20086 10:13:39 AM




DRILLING LOG (Cont Sheet)

ELEVATION TOP OF HOLE

932.21

Hole No. C-04-1

PROJECT
Dover Dam

INSTALL ATION

HUNTINGTON DISTRICT

SHEET £
OF 4  SHEETS

ELEVATION [ DEPTH | LEGEND

a ] €

CLASSIFICATION QF MATERIALS
(Dascrlptiont

d

% CORE
RECOV-
ERY
L]

BOX DR
SAMPLE
NO.

REMARKS
{Orlifing Nma, woter foss. daah of
weothering, efc, If sigriflcond)
]

55

!l!lIILIIIJ_(_l!IfI‘HII‘III_LIIIII;IIII|IIII‘!III‘?IIIllllilIIIl!!lII‘IIII‘IIII‘IL[J!I!II'IHJJJIlII!IH!IIIIi]IEI‘IIIi

44

ROD
92/

L. 0.0

REC
1007

L 0.0

REC
100%

w3
o0
RO

L 0.0

REC
1004

RQOD
1007

RQD
100%

L 0.0

REC
1007

lllll[lillilll%llll|llll|II1||IITTTIIII|IIII|ilIIIFHl{lI|I[!illlillllllﬁllflllllIJIIIIIIIITIIIIH!IIJIIIIII]IIIIIHll

LRH FORM1836-A
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PROJECT
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DRILLING LOG (Cont Sheety [FEVATION TOP OF HOLE 935 oy Hole No. C-04-1
PROJECT : INSTALLATION SHEET &
Dover Dam HUNTINGTON DISTRICT oF 4 SHEETS
* CORE |BoX OR
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS RECOV- | SAMPLE (Oritting m:E:;ertiu. dapth of
(Desoription! ERY HO. wecthering, stc., It skgnif icont)
L] [ [ Il . t 9
5 E
7 ’ 12 C
- 13 .
. -
] L 0.0 -
. REC C
g ss 1007 C
: 14 :
] RQD -
T g17 -
- L 0.0 —
i REC N
878.0_|54.2 10041 15 —
g SHALE: Qork gray, soft, -
- occossionol slickensides, -
— carbenoceous, accassianol —
. siderite nodules. r
_ Cloy seam, plostic, damp, dork | RQD C
— ?roy and slight sulfer smell| 18 —-
- rom 878.0"to 877.9. =
_ Broken every 0.1'-0.05' from -
— 878.0 t¢ 874.0. -
3 Calcite stringers from 874.6 16 -
. to 874.5. -
= SH Sideriteagodgles from 8733 |- 90 [
3 to 873.C. REC -
= Colcoreous from 872.8 to 1002 -
] 870.0. —
- RQD [
= 707 17 -
870.0 |62.2—] :_
. LIMESTONE: Dark groy, hord, o
— crystalline grainéd, fossiliferous) [
s L 0.0 —
3 REC -
T 100% il
867.9 [64.3 | -
3 COAL: Block, soft, blocky, '8 -
] vitrecus, [
- Bone coal, black, hard from -
¢ 866.8 to B865.5. RQD -
5S4/ -
865.5 |66.7 E
- SHALE: Groy, sifty to sandy, mod. —
1 s hord, occossionol sondstone 19 —
- stringers, -
68 L 0.0
LRH FORM1B836-A PROJECT HOLE NO.
MAY 04 Dover Dam C-04-1

B-LB00O1.dgn 10/24/2006 11:04:11 AM




DRILLING LOG (Cont Sheet) [FLEVATION TOP OF HOLE g5 59 Hole No. C-04-1
PROJECT NSTALLATION SHEET 4
Dover Dam - J HUNTINGTON DISTRICT oF 4 sHEETS
¥ CORE |BOX OR
ELEVATION | oerTH | LEGEND CLASSIFICATION OF WATERIALS RECOV- | SAMPLE {Drltfing m.'i.EJ"é‘ff“Em dopth of
Dascriptiont ERY NQ, wacthering, efc. If slgnificant)
L] ] & 4 L] I 9
- SHALE Cont.
] _ 1 1 -
— Occassional siderite nodules REC L.
— from 862.0 to 861.0. 1004 —
7 D -
o SH oy | 20 -
3 C
858.9 [73.3 L 0.0] 21 —
- BOTTOM OF HOLE @ 858.9 ™
3 -
= 2
3 -
— —
] :
- -
_3 -
92 —
LRH FORM1836-A PROJECT HOLE KO,
MAY 04 Dover Dam C-04-1

B-LBO0O1.dgn 10/24/2008 11:04:49 AM




DIVISION ) ) INSTALL ATION SHEET |
ORILLING LOG  fGregt Lakes ond Ohio River CELRH-EC-G OF 4 SHEETS
L PROJECT 10. SIZE #ND TYPE OF BIT 4" CORE AND 3" HOLLOW
Dover Dam 1. DATUM FOR ELEVATION SHOWN (TBM or MSL)
2. LOCATION Coordinates or Stafion) NGVD 29
N 326760.03 E 2301884.66 12. WANUFACTURER'S DESIGNATION OF DRILL
3. DRLLING AGENCT i T TING CME 45
‘ 3. TOTAL NO.OF QVER- :DISTURBED "UNDISTURBED
4. HOLE ND.(As shaen o drowing tlife BURDEN SAMPLES TAKEN :
ond fllg number ] 1 C-04-2
5. NAME OF DRLLER 14. TOTAL NUMBER CORE Boxes 20
BRAGG 15. ELEVATION GROUNO WATER Q272 2
6. CIRECTION OF ROLE 16. OATE HOLE "STARTED ‘COMPLETED
O vERTICALCJINCUNED () DEG.FROM VERT. - 6/28/04 6/29/04
17. ELEVATION TOP OF HOLE 933 B1 Feet
7. THICKNESS OF OVERBUROEN 4.9 Feet 13, TOTAL CORE RECOVER